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GROWTH OF A STRAIN OF SALMONELLA ENTERITIDIS 
EXPERIMENTALLY INOCULATED INTO 
CANNED FOODS'* 
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Chicago, Illinois 


(Received for publication, May 22, 1943) 


Certain species of Salmonella have been held as causative agents of 
food poisoning. Although these organisms have been studied in animal 
hosts and in culture media, practically no study has been made of their 
growth in foods. In this investigation a study has been made of the 
growth of a strain of Salmonella enteritidis inoculated into canned foods. 
Representative canned foods were chosen for these experiments, including 
tomato juice and peaches (acid type); asparagus, spinach, and string 
beans (semiacid type) ; peas and corn (low-acid type) ; shrimp and salmon. 


EXPERIMENTAL PROCEDURE AND RESULTS 

A stock culture of S. enteritidis, isolated in 1914 from the stool of a 
patient who was taking care of calves during an epidemic of enteritis, 
was grown in veal infusion broth for six to 24 hours and the broth culture, 
or a dilution thereof, was inoculated directly into the various cans of 
foods. The technique of handling the cans has been previously deseribed 
by Segalove, Davison, and Dack (1943). The total number of organisms 
inoculated per can of food was determined by plate counts. The number 
of organisms inoculated per milliliter of fluid contents was caleulated 
by dividing the total count of the inoculum by the total number of milli- 
liters capacity of the can. Eight cans of each food were always inocu- 
lated. Four were incubated at 37°C.(98.6°F.) and four at 22°C.(71.6°F.). 

Plate Counts: At definite time intervals the cans were removed from 
the ineubators, shaken, and samples taken. Decimal dilutions were made 
of the liquid sample in sterile 0.85 per cent salt solution. Veal infusion 
agar pour plates were made with one-ml. portions of the decimal dilutions. 
After 48 hours’ incubation at 37°C. the colonies were counted. 

Bacterial counts of each sample were made after 2, 7, 14, 30, and 60 
days’ incubation as indicated (Table 1). 

At 22°C. the strain of S: enteritidis used in these experiments grew in 
all the canned foods tested except peaches. At 37°C. no growth oceurred 
in peaches or asparagus (Fig. 1 and Table 1). 

Gas developed in canned peas, corn, asparagus, and string beans 
(Table 2). This was variable, depending upon the kind of food and in- 
cubation temperature. More gas was produced in canned peas at both 
incubation temperatures than in corn at 22°C. or in asparagus and string 
beans at both temperatures. Peas incubated at both 22 and 37°C. and 
corn ineubated at 37°C. produced enough gas to cause the ends of the 
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+ MILTON SEGALOVE AND G. M. DACK 


cans to bulge. Only slight amounts of gas were noted in canned asparagus 
incubated at 22 and 37°C. and in canned string beans and corn incubated 
at 22°C’. No gas was present in string beans incubated at 37°C. 

The cause of gas production in canned asparagus ineubated at 37°C. 
for two days has not been established. A possible explanation may be due 
to growth of Salmonella which was not detected. Although no growth of 
Salmonella was evident after two days’ incubation, it is possible that 
growth might have oceurred during the early part of this period with 
subsequent death of many cells by the time of testing. After the two-day 
incubation period no further gas was produced. 


TABLE 2 
Production of Gas in Canned Food Experimentally Inoculated 
With Salmonella enteriditis 




















Food Incubated Incubated 
at 22°¢ at 37°C 
IIS is ccosvovccsivisaievernivcasesycocmsnpextonederimieeypereummmmmniatacionl + + 
Spinach oa 0 0 
I NIN sisi: sas: sct cn teipesnitadand poncennipadedisecibonpenacelommatwmeied + 0 
II UN acini icc acoicdecpuacgiisabnbilnsince eee ganeaioeiuoaeaaausoosleaiaiea 0 0 
MO NNIIINE criiccis- tia phdaleaieividdcevesouneccioatnaybacauniccepascioibide; sapasorsnwenlenives | 0 0 
II ic canscicascattnictesulecencccvusenncenceeastuieonbicebsunbaaiialincdcanmeumiinebientés 0 0 
Salmon.. aa 0 0 
MN icici Actus ces anponaeonscaucaed ie top ised nbuicaseaiaeneA + + 
Ni cipcadececce cacocsiessaaupeoase ai oowipietaine<aoeses aioe aiuannensiesred + | + 











DISCUSSION 

One striking feature in this study of canned foods is that more growth 
of S. enteritidis was obtained at 22°C. than at 87°C. In only a few in- 
stances was the bacterial count higher in the cans ineubated at 37°C. 
(Fig. 1 and Table 1). In similar experiments with Staphylococcus aureus, 
Segalove, Davison, and Dack (1943), growth was also found better at 
22°C. than at 37°C. 

The fluid portion of the canned goods was teste after the cans had 
been thoroughly shaken. Had the solid particles of food been tested the 
counts might have been different. 

Although the natural habitat of S. enteritidis is the intestine of certain 
animals, particularly rodents, this organism is able to multiply under 
various conditions outside of the animal body. However, under these 
experimental conditions it has been shown to grow in certain canned 
foods of plant and animal origin. Although in its natural habitat the 
organism is accustomed to body temperature it appears to grow better 
and persist longer at 22°C. This is evident (Fig. 1) and it may be ob- 
served that, in general, the black areas representing growth at 22°C.. in 
most instances exceed the height of the white areas which represent the 
growth at 37°C. Furthermore, in the case of asparagus, string beans, 
tomato juice, and peaches viable organisms were found at 22°C. after 
30 or 60 days, whereas at 37°C. no viable organisms could be detected in 
these same foods at 30 days with the exception of string beans. Obvi- 
ously, Salmonella are not found in unopened canned foods since the 
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GROWTH OF A STRAIN OF SALMONELLA ENTERITIDIS 
processing times and temperatures of canning preclude the survival of this 
organism. Salmonella food poisoning, therefore, could only occur from 
canned foods after opening and contamination with the specific organism. 

Since food poisonings owing to Salmonella are rare, it is obvious that 
these organisms do not survive for any length of time outside of their 
natural hosts. This is in sharp contrast to the common occurrence of 
Staphylococcus food poisoning outbreaks which afe probably due to the 


ubiquity of the Staphylococcus in nature. 


SUMMARY 

A strain of S. enteritidis was experimentally inoculated in cans of 
asparagus, spinach, string beans, tomato juice, peaches, shrimp, salmon, 
corn, and peas. Duplicate cans of each food were ineubated at 22 and 
37° C. Growth occurred in asparagus, peas, corn, spinach, string beans, 
tomato juice, shrimp, and salmon ineubated at 22°C. and in peas, corn. 
spinach, string beans, tomato juice, salmon, and shrimp at 37°C. 

The significance of these findings are discussed in relation to food 


poisoning. 
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Enzymatic digests of meat were prepared over a generation ago by 
Marecano (1891) and recommended by him for the diet of invalids. At 
present such digests are of special interest because they can be used in 
dehydrated form. We have prepared meat digests by the action of papain 
at 70°C.(158°F.). These digests can be dried and sterilized more readily 
than undigested meat. The fat in the dried sample does not quickly be- 
come rancid. It is the purpose of this paper to describe the activation of 
papain which takes place during this digestion. 

Papain can be inactivated by oxidizing agents, such as hydrogen per- 
oxide, and reactivated by cyanide and by SH compounds, such as eysteine, 
Purr (1935) found that papain can also be partially activated by treat- 
ment with washed muscle and attributed this activation to the fixed SH 
groups of the muscle proteins. The present experiments show, however, 
that when inactive or nearly inactive papain is used in the digestion of 
such varied materials as beef muscle, liver, and new beer, the enzyme 
becomes progressively more active as the proteolysis proceeds, and hitherto 
covered sulfhydryl groups are exposed. It follows that some proteins may 
be digested without difficulty by papain that was initially inactive. Fur- 
thermore the original activity of the enzyme as determined by the usual 
methods gives no indication whatever of its potency in digesting such 
substrates. 

Papain that clots milk or digests hemoglobin very slowly, unless acti- 
vated by cyanide, can digest meat rapidly without cyanide activation 
(Table 1). It may be noted in Table 1 that all three samples of papain 
behaved alike in digesting beef, although their behavior with hemoglobin 
and with milk showed that two of them were practically inactive toward 
latter substrates unless pretreated with cyanide. When previously inactive 
papain has been in contact with meat it can thereafter clot milk (Table 2) 
and digest hemoglobin (Table 3). Table 2 shows that more papain was 
activated in one hour at 70°C. than in 24 hours at 23°C.(73.4°F.). At 
23°C. papain digests meat more slowly than at 70°C. The more rapid 
activation at 70°C. is probably caused by the uncovering of a greater 
number of SH groups as the beef is digested. Similar activation is shown 
(Table 3) where the action has been measured by the rate of tyrosine 
liberation. In this experiment three-quarters as much digestion was done 
by papain paste that had been completely oxidized with H,O, as by the 
same quantity of unoxidized, fully active enzyme. 


*Enzyme Research Laboratory Contribution No. 86. 

* This work was done under a Bankhead-Jones basic research project supported by 
special research funds. 
* Now with the War Department. 
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ACTIVATION 


Activity Measurements of Untreated, Activated, and 
Inactivated Papain 
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TABLE 1 


DIGESTION OF 


MEAT 


7 























Milk-clotting Hb. digesting ‘ y 
activity activity Beef digestion 
Samples Clotti Hb. Col 
os hen men 4 Per cent units Per cent Baas en Per cent 
gm. papain] “ithout | per gm. | Without with without 
with CN Cc} papain CN 
} 

A commercial sample of papain....... 300 10, —=|~— «14 2 282 77 

I saree sepcrccetcercsereninereers 385 s7 | 19 42 331 78 

Papain paste ++ H2Onu............cscccceees 100 Oo | 7 0 168 88 














1 Expressed as milligrams of tyrosine split from 100 grams of beef muscle by 40 milk-clotting 
units of papain at 70°C, + 5° in three hours. 


TABLE 2 





Rate of Activation of Papain During Digestion of Beef at 
23 and 70°C.(73.4 and 158°F.) 





Milk-clotting units per c.c. 


of filtrate ? 

















Tempera- Time | Commercial Papain paste 
ture | papain H.0, 
| NocN | CN No CN CN 
°C. hr. | | 
23 0.0? 0.3 2.1 0.0 0.3 
0.5 1.5 | 0.4 
1.0 1.4 | 0.5 
2.0 1.0 0.5 a 
24.0 1.9 i 0.9 _ 
70 0.0? 0.3 2.1 0.0 0.3 
| 0.5 2.2 0.5 ain 
1.0 3.0 15 
| 2.0 2.5 1.2 
| 24.0 0.3 0.2 








1One gram of papain was diluted to 50 c.c., and 10 c¢.c. of the suspension was used in each 
The mixtures were filtered after incubation and 


test, together with 10 grams of ground beef muscle. 
the milk-clotting test carried out on the filtrate. 


The time recorded shows when filtration of the di- 


gest began. As a rule filtration required 10 to 15 minutes more time. *Indirect determination by assay 
of original enzyme suspension. 


TABLE 3 
Rate of Digestion of Beef at 68°C.(154.4°F.) by Papain Paste 


and by Peroxide-Treated Papain Paste’ 








Color value (expressed as mg. tyrosine) formed in 
the digestion of 100 gm. of ground beef 











Time = 
of (A) = 
digestion With vit . 
untreated H.O,-treated (B)/(A) 
papain paste papain paste 

hr. 

1 115 86 0.75 

2 224 165 0.74 

3 310 242 0.78 











1Ten grams of ground beef were digested with 10 mg. of the papain preparation in 10 c.c. of 
water at 68°C. The mixtures were then cooled in ice, trichloracetic acid was added, and the phenol 


value of the filtrates determined as usual, 





Folin and Ciocalteau 





(1927). 
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These results show that inactive papain is activated by meat during 
digestion, and that the addition of an activator to enzyme used in such 
a case is unnecessary. Papain that has been inactivated by hydrogen per- 
oxide may also be reactivated by brief treatment with beef muscle digested 
with pepsin and thereafter heated to destroy that enzyme. Such peptic 
digests give a strong test for SH with nitroprusside and lose this property 
together with that of activating papain on exposure to the air for several 
days. 

The activator occurring naturally with the papain enzymes is not 
necessarily involved, for the aetivation of a erystalline papainase, chymo- 
papain, also takes place rapidly after the addition of meat digested with 
pepsin (Table 4). 

It is apparent that the reactivation of papain by muscle tissue is 
brought about, in large part at least, by SH groups in the meat. Purr 
(1935) also reached this conelusion when working with washed muscle. 
The participation of such groups is indicated by the observation that meat 
already disintegrated by pepsin and then treated with iodoacetamide until 
it no longer gave a nitroprusside test, was also no longer able to reactivate 
papain (Table 4). The iodoacetamide in these experiments did not affeet 
the enzyme itself, for reactivation resulted when a mixture of treated and 
untreated peptic digests was used. 

Hemoglobin solutions, unlike meat, do not contain a strong activating 
system. They may even contain heavy metals which cause some inactiva- 
tion of the enzyme. The rate at which a given sample of papain digests 
hemoglobin is therefore no measure of the power of the sample to digest 
meat. Similarly, the rate of milk-clotting is no measure of the potential 
proteolytic activity, because the milk clots before the protein is digested 
to any great extent. If, however, the papain is first activated by cyanide, 
the rate at which this eyanide-activated papain clots milk or digests hemo- 
globin is a rough measure of the power of the untreated papain to digest 
meat. 

These results are not peculiar to meat. Papain is used to chill-proof 
beer and the results (Table 5) show that beer, like beef muscle, can 
partially reactivate completely oxidized papain. The identical results ob- 
tained with filtered and unfiltered beer, and with beer prepared from 
either rice grits or corn, indicate that activation is probably brought 
about by soluble material. ° 

EXPERIMENTAL PROCEDURE 

Salt-paste papain from Hawaii, employed by Balls, Lineweaver, and 
Schwimmer (1940), was used as a suspension containing two grams in 
100 ¢.c. of air-free water. This suspension was inactivated by the addition 
of about 0.3 ¢.c. of 30-per cent H,O, at room temperature. Commercial 
papain was employed as a filtered aqueous extract. Crystalline chymo- 
papain * was oxidized with the minimum quantity of H,O,. Commercial 
papain was extracted with distilled water, filtered, and otherwise treated 
like papain paste. 


*The author is indebted to Bernard Axelrod of this laboratory for the preparation 
of erystalline chymopapain. 
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ACTIVATION OF PAPAIN DURING DIGESTION OF MEAT 


TABLE 4 
Activation of Crystalline Chymopapain by Meat Digested With Pepsin, 
and Prevention of Activation by Iodoacetamide 








| Milk-clotting units per c.c. 
of mixture 





Treatment of enzyme Time 
Without CN With CN 





Untreated = 0.63 * 3.0° 
Treated with HO, ae 0.07 17” 








Y 1.2 3.0 
Treated with H.O. + 12 ¢.c. peptie beef 10 2, 3.0 
digest * 30 
45 hr. 


” 





Treated with H.O. + 12 ¢.c. peptic beef 10 
digest treated with iodoacetamide 30 0 
45 hr. 0. 
2 1. 
1 

2 

2. 








2.9 


= 


Treated with H.O. + 6 e.c. peptie beef 10 
digest + 6 ¢.c. peptic beef digest 30 : 2.7 
treated with iodoacetamide 50 0 3.1 

45 hr. 0.0 | 1.8 
1Caleulated from assays of the respective enzyme solutions. * Peptic beef digest was prepared 
as described later and the pH adjusted 5.7. Fifty c.c. of this digest was brought to pH 7.5 with 

NaOH, and 0.1 M iodoacetamide was carefully added until a negative nitroprusside test was ob- 

tained with material that had stood one hour. The pH was then brought to 5.5 with HCl. The 

additions of liquid lowered to concentration of beef solids to about one-half the amount in the 
original pepsin digest. 





TABLE 5 
Activation of Papain by Beer 


Milk-clotting units per c.c. 
Papain sample Beer sample Time —— sommes panne 
Without CN | With CN 





min 
Crystalline chymopapain * ovee 15.0 $5.0 
Crystalline chymopapain 
+ H.0, | _ . 22.0 
Crystalline chymopapain | Unfiltered beer 10 
+ H:0, 30 
50 





Crystalline chymopapain— Filtered beer 10 
+ H.0: 30 


50 








Papain paste * 

Papain paste + H.0O- — 
Papain paste + H.0O. | Grits, closed vat 3 
Papain paste + H.O. Grits, closed vat 24 
Papain paste + H.0. Grits, open vat 3 
Papain paste + H.O. Grits, open vat 24 
Papain paste + H.0- Rice, closed vat 3 | 
Papain paste + H.0- Rice, closed vat 26 
Papain paste + HO. Rice, closed vat 19hr. | 
Papain paste + H.0. | Rice, open vat 3 
Papain paste + H.0. | Rice, open vat { 24 
Papain paste + H.O, Rice, open vat 19 hr. 





AIA Ww 


se 
w 


oe) 


| 
| 
| 
| 


1In the experiments with chymopapain 0.5 c.c. of enzyme solution was added to 4.5 c.c. of 
beer (or water) and the milk-clotting test carried out on one c.c. of the mixture. The sample of 
filtered beer had been held in the refrigerator at 5°C.(41°F.) and filtered at that temperature. 
*In experiments with papain paste, 15 c.c. of beer were added to two c.c. papain solution (two gm. 
in 50 ¢.c. HeO) in test tubes. One c.c. of the mixture was used for the milk-clotting test. 
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Milk-clotting tests for papain activity were carried out at 40°C. 
(104°F.) with 10 ¢.c. of buffered Klim, according to Balls and Hoover 
(1937). When the papain preparations were activated for this test, one 
e.c. of papain solution was treated for three minutes with 2 M NaCN. 
Oxidized papain paste was activated with 10 drops of cyanide solution, 
all other papain samples with two drops. The requirements for best acti- 
vation must be worked out for each specimen of papain. These require- 
ments vary with the papain preparation and the extent of inactivation. 

Hemoglobin tests for papain activity were carried out aecording to the 
directions of Anson (1938). Anson’s procedure for the cyanide activation 
of papain was followed; 0.5 ¢.c. of papain solution was treated with five 
drops of 2 M NaCN for three minutes, and the solution was then diluted 
to a final concentration of 0.02 W cyanide. Papain not activated by alka- 
line eyanide was determined in the absence of all eyanide. 

Extent of the digestion of beef was followed by precipitating the meat 
protein with trichloracetie acid and estimating the unpreeipitated diges- 
tion products present in the acid filtrates, by means of the Folin-Ciocalteau 
(1927) phenol reagent. 

Papain digest of beef was prepared by adding 100 mg. of papain to 
100 grams of ground beef and heating at 70°C. for one to two hours. The 
papain was then inactivated in an autoclave (15 lb.) or an Arnold steamer. 

Pepsin digest of beef was prepared by adding a solution of 1.25 grams 
of commercial pepsin (1:1,000) to 125 grams of ground beef previously 


brought to pH 2 with 0.5 NV HCl. Toluene was added, and the meat was 
ineubated at 37°C.(98.6°F.) overnight. The pH was brought back to 5.5 
with NaOH, and the pepsin inactivated by heating at 80 to 100°C. (176 
to 212°F.) for about half an hour. The digest was filtered through 
cheesecloth. 


SUMMARY 

Papain that is inactive by the usual tests may be very active in the 
digestion of meat or other products containing sulfhydryl groups or eapa- 
ble of producing them during proteolysis. Activation increases as digestion 
progresses. Preliminary activation of papain for use on such substrates 
is therefore unnecessary. Tests of the original activity of the enzyme give 
little or no indication of its poteney in such cases. Peptie digests of meat 
also produce rapid activation of erystalline chymopapain. This may be 
prevented by treating the digest with enough iodoacetamide to abolish the 
nitroprusside test. 
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(Received for publication, June 1, 1943) 


At the present time large quantities of many types of foodstuffs are 
being fumigated with methyl bromide, and because of the economy and 
efficiency of this material, its use as a fumigant for foodstuffs is steadily 
increasing. With this widespread use of methyl bromide as a fumigant in 
the food industries, it is important to have information concerning the 
nature of the residues in fumigated foodstuffs and the physiological sig- 
nificance of such residues. 

Analytical studies on total bromide content of methyl bromide-fumi- 
gated foods have been published by Dudley (1939); Dudley, Miller, Neal, 
and Sayers (1940); Dudley and Neal (1942); Laug (1941); Mackie 
(1938); Roehm, Shrader, and Stenger (1942); Roehm, Stenger, and 
Shrader (1943); Shrader, Beshgetoor, and Stenger (1942); and Stenger, 
Shrader, and Beshgetoor (1939). In general, the total bromide residue 
is rather low in most fresh fruits, dried fruits, fresh vegetables, and whole 
grains, but higher in milled grains, cheese, and nut meats. The quantity 
of bromide retained is likely to be less in commercial fumigation than in 
laboratory fumigation. Recent work by Laug (1941); Roehm, Shrader, 
and Stenger (1942); Roehm, Stenger, and Shrader (1943); and Shrader, 
Beshgetoor, and Stenger (1942) has shown conclusively that the bromide 
retained by a wide variety of foodstuffs following fumigation with methyl] 
bromide exists almost entirely as inorganic bromide after standing for a 
few days. 

Dudley and co-workers (1940, 1942) have reported feeding experi- 
ments in which rats were maintained for 20 weeks on a diet fumigated 
with three pounds of methyl bromide per 1,000 cubie feet and containing 
24 to 30 milligrams of bromine per 100 grams, with the production of 
little or no deleterious effect. 

In view of the importance of such experimental studies in determining 
the physiological significance of the bromide residue in fumigated foods, 
rats have been maintained in this laboratory for one year on diets fumi- 
gated with two and six pounds of methyl bromide per 1,000 cubic feet. In 
order to have a parallel study on the response of animals to comparable 
amounts of inorganic bromide, a group of rats was fed the basie diet con- 
taining 0.1 per cent of sodium bromide. 


EXPERIMENTAL PROCEDURE AND RESULTS 
Diet I—Control: A modified Sherman diet devised by Hawk and Oser 
and published by Hawk and Bergeim (1931) was used as the control diet 
throughout the experiment. This basie diet, designated as Diet I, contained 
the following constituents : 
11 
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Dried meat residue 

Dried brewer’s yeast 

Caleium carbonate 

Todized table salt 


This diet was made up monthly using freshly ground whole wheat. 
The average total bromide content of 21 batches of this basie diet was 
1.3 milligrams per 100 grams. All of the rats on each of the diets received 
a supplement of approximately two grams of unfumigated cabbage three 
times a week. 

Diet I 2F: The basic diet was sacked in three-kilogram paper bags and 
fumigated with two pounds of methyl bromide per 1,000 eubic feet at a 
temperature of approximately 26.7°C.(80°F.) and a humidity of 60 to 
70 per cent. Six to eight bags were fumigated at one time in a 500-eubie 
foot chamber. After 24 hours the bags were removed from the fumigation 
vault and allowed to aerate for one week. The food was then sampled for 
bromide analysis and fed to the experimental animals. Fresh batches were 
prepared and fumigated at monthly intervals. The average total bromide 
content of 21 batches was 26.2 milligrams per 100 grams as determined by 
the method of Shrader, Beshgetoor, and Stenger (1942). 

Studies conducted in a similar manner to those reported by Roehm, 
Shrader, and Stenger (1942) showed conclusively that the bromide residue 
in these fumigated rat diets after aeration was inorganic in nature. 

Diet I 6F: This diet was prepared and handled in exactly the same 
way as Diet I 2F except that the control diet was fumigated with six 
pounds of methyl bromide per 1,000 eubie feet. The average total bro- 
mide content of the 21 batches was 63.7 milligrams per 100 grams. 

Diet I + NaBr: Sodium bromide was added to the control diet to the 
extent of 0.1 per cent. The total bromide content of this Diet I + NaBr 
averaged 79.0 milligrams Br per 100 grams. 

Experimental Animals: A total of 25 male rats and 32 female rats was 
started on each of the fumigated diets and on the control diet. while 10 
males and 15 females were started on the diet containing 0.1 per cent 
NaBr. The rats were approximately 25 to 30 days old when placed on 
the experiment and were apportioned among the four groups so that 
they were well matched in regard to litter, sex, age, and weight. 

Growth and Survival: Throughout the experimental period of one year 
the rats on each of the diets appeared to be in excellent condition and 
showed no evidence of intoxication. Semiweekly weight records, which 
were kept on each rat, show conclusively that the rats on the fumigated 
diets and on the diet containing 0.1 per cent NaBr grew as well as those 
on the eontrol diet. The average body weights of all the rats in each group 
are given graphically (Fig. 1). 

Practically all of the deaths that occurred during the course of the 
experiment were due to pneumonia; however, the incidence of infection 
was as great in the control groups as in the experimental groups. Com- 
posite weight curves, drawn solely from the body weights of the rats that 


*The bromide analyses were carried out by Dr. S. A. Shrader and Dr. V. A. Stenger. 
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survived for a full year, are practically identical to those given in Fig. 1. 
Thus it is evident that the growth of the rats on the experimental diets was 
unquestionably normal. 

Histopathology: At the end of the experiment the rats were killed, 
and tissues from representative animals in each group were prepared for 
microscopic study. Tissues from 61 rats were examined. Regularly, the 
liver, kidney, spleen, adrenal, pancreas, and heart were sectioned; al- 
though in some cases several other organs, such as muscle, lung, testis, 
and stomach, were also included. Microscopic examination of these sec- 
tions failed to reveal any significant difference in the tissues from the 
rats in the control group and those from the animals on the experimental 
diets. 
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Fig. 1. The response of rats maintained on diets fumigated with methyl bromide. 

Organ Weights: When the rats were autopsied at the end of the experi- 
ment, weights were obtained on the liver, kidneys, spleen, and, in the case 
of the males, on the testes (Fig. 2). It is evident that the values obtained 
in the different groups are practically identical. 

Hematology: At the end of the experimental period of one year blood 
examinations were made upon 82 representative rats. No significant dif- 
ference was found in the erythrocyte count, hemoglobin concentration, 
leucocyte count, differential count, or blood specifie gravity between the 
control rats and those on the methyl bromide-fumigated diets or food con- 
taining 0.1 per cent sodium bromide. 

Metabolism: At intervals during the experiment, rats from each of the 
groups were placed in metabolism cages so that urine specimens could be 
collected and an estimation of the food intake made. Two rats were placed 
together in one cage and a four-day composite urine sample collected. 
Thirteen such collections were made during the experimental period of 
one year; the results of this work are tabulated (Table 1). 
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TABLE 1 
Bromide Intake and Excretion of Rats on Each Diet 








- Bromide intake wad 
Number (calculated Urinary 


of | from quantity | yen 
tests of food eaten ) of bromide 


mg. Br/ky. ‘dau mg. Br/kg./day 
Diet I (control) S | 0.7 0.7 
Diet I 2F (fumigated with 2 
RTM CMs, TU Voss esscsecescrssevesecnevscesssconssees | : 16.4 
Diet I 6F (fumigated with 6 Ib. 
i ne; ob ac eee S 36.4 
Diet I containing 0.1% NaBr 40.9 
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Fic. 2. The response of rats maintained on diets fumigated with methyl bromide. 
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Quite probably the bromide intake based upon the quantity of food 
eaten is somewhat high owing to the inevitable loss of some food, even 
in well-constructed metabolism cages. On the other hand, the values based 
on the urinary excretion are probably a little low owing to incomplete 
collection of the four-day composite and other technical difficulties. Thus, 
the actual bromide intake probably lies somewhere between the two values 
given by these caleulations. 


TABLE 2 
Chloride and Bromide Content of Rat Tissues 








TOTAL BROMIDE 





| Mg. Br/ | Mg. Br/100 gm. desiccated tissue 
Diet | 100 ml. gain ine ineiadenineeamianteinntmaentet ann 
blood Liver Kidney | Muscle Skin Brain 








Diet I (control) : os | S84; Os 1.2 
Diet I 2F (fumigated with 2 Ib. 
CH;Br/1,000 eu. ft. ; 7.3 
Diet I 6F (fumigated with 6 lb. 
iF eT Pe . 5 ee 9. 16.0 





Diet I containing 0.1% NaBr B.? 25.1 5.5 13.0 


Mg. Cl Mg. C1/100 gm. desiccated tissue 
Diet | at ae — 
blood Liver Kidney | Muscle Skin | Brain 





Diet I (control) 230 | 348 | 1,020 | 202 469 521 
Diet I 2F (fumigated with 2 Ib. 

CHsBr/1,000 cu. ft.) .coccsccccccccsssssseee 7 | 371 | 1,050 | 216 528 497 
Diet I 6F (fumigated with 6 Ib. | 

CHT UDO Ota. BE.) vccccsccccreccecesessess 3: | 1,004 218 466 505 





Diet I containing 0.1% NaBr 23: | 348 | 953 205 453 500 








CHLORIDE/ BROMIDE RATIO 
Diet Blood | Liver | Kidney Muscle | Skin Brain 








Diet I (control) 104 580 393 224 | 391 348 
Diet I 2F (fumigated with 2 Ib. 
CHaBr/1,000 cu. ft.) ..ccscccssesesssesssees 41] 5 51 48) 71 
Diet I 6F (fumigated with 6 Ib. 
ORB LD 60. Th.) ccsccssvesesesoeseesese 2s 2! 34 





Diet I containing 0.1% NaBr ‘ 13 


Tissue Analyses: At the end of the experimental period of one year, 
the blood, liver, kidney, muscle, skin, and brain from about 60 repre- 
sentative animals were analyzed for total bromide and total chloride. 
Protein-free blood filtrates were prepared using tungstie acid, while the 
organs were minced and dried to constant weight at 100°C.(212°F.) be- 
fore the quantitative determinations were made. The total halide was 
determined as chloride by a modification of the Carius method, used by 
Kimball, Wittenburg, and MeFadyen (1937). The total bromide was 
determined by the method described by Shrader, Beshgetoor, and Stenger 


(1942). The results of this work are summarized (Table 2). 
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It is evident that even though the feeding of methyl bromide-fumigated 
foods or a diet containing 0.1 per cent NaBr caused an increase in the 
total bromide of the blood and tissues, the bromide concentration attained 
was quite low. The total halide remained practically constant in all the 
animals. The chloride/bromide ratio in each group of rats ingesting the 
same quantity of bromide in the food was essentially constant in the liver, 


kidney, muscle, and skin; however, this ratio was definitely higher in~° 


the brain than in the other tissues examined. 


DISCUSSION 

Since in commercial fumigation practice methyl bromide is commonly 
used in a concentration of one to two pounds per 1,000 eubie feet, it was 
advisable that one group of rats should be fed a diet fumigated at this 
upper limit and that another group should be fed a diet fumigated with a 
reasonable excess of methyl bromide; six pounds per 1,000 eubie feet was 
selected for this second level. The diet containing sodium bromide was 
designe] to contain slightly more inorganic bromide than the total bro- 
mide left after aeration in the diet fumigated with six pounds methyl 
bromide per 1,000 eubie feet. This residual bromide in the fumigated rat 
diet after aeration is almost entirely inorganic in nature. 

The average residual bromide of 26.2 milligrams per 100 grams found 
in the rat diet fumigated with two pounds methyl bromide per 1,000 cubic 
feet is much higher than that commonly found in fumigated fresh fruits, 
dried fruits, fresh vegetables, and whole grains and is of the same order 
as the highest values recorded for milled cereal products, cheese, and nut 
meats by Dudley (1939) ; Dudley and Neal (1942); Roehm, Shrader, and 
Stenger (1942); Roehm, Stenger, and Shrader (1948); and Shrader, 
Beshgetcor, and Stenger (1942). The average residual bromide of 63.7 
milligrams per 100 grams present in the rat diet fumigated with six 
pounds methyl bromide per 1,000 eubie feet is well above the residual 
bromide content of foodstuffs that have undergone proper commercial 
fumigation. 

It is evident from the experimental results that male and female rats, 
maintained for one year on diets fumigated at the levels of two and six 
pounds of methyl bromide per 1,000 cubic feet, as well as rats fed a diet 
containing 0.1 per cent NaBr, made normal weight gains and showed no 
evidence of intoxication or nutritional deficiency throughout the experi- 
mental period. Histopathological, hematological, and organ-weight studies 
on animals that had been maintained on the diets for one vear failed to 
reveal any difference between the control and experimental groups. 

This work is in agreement with that of Dudley and co-workers (1940, 
1942), who conclude: 


**Our animal experiments on feeding rats food containing 24 to 30 mg. of bromine 
per 100 gm. of food for 20 weeks caused little or no deleterious effects. Similarly, 
feeding experiments with rabbits for a period of 52 weeks with food containing from 
5.55 to 9.36 mg. of bromine per 100 gm. of food caused little or no deleterious effect. 
These foods were fumigated with three pounds of CH;Br per 1,000 eubic feet under 
laboratory conditions and had, therefore, a higher bromine content than found under 
commercial conditions. It appears, therefore, that such amounts of bromine as en- 
countered in foods fumigated with methyl bromide, under commercial conditions, would, 
on the basis of our evidence, probably not contain sufficient quantities of bromine 
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residues to produce deleterious effects. For this reason milled cereal products fumigated 
with one pound of methyl bromide per 1,000 eubie feet will probably offer no risk when 
such food is consumed.’’ 

The quantitative information gained from the diet analyses, metabo- 
lism studies, and blood-bromide determinations are tabulated (Table 3). 
Even the highest blood-bromide level found in any of the rats on these 
fumigated diets or on the diet containing 0.1 per cent sodium bromide is 
far below the blood-bromide concentration commonly associated with 
bromism. Thus, the highest bromide concentration in the blood of any of 
these rats was below 30 milligrams per 100. milliliters, while a concentra- 
tion of 100 to 150 milligrams per 100 milliliters is usually associated with 
the first stages of bromism and only rarely are any clinical symptoms 


TABLE 3 


Bromide Content of Diets, Bromide Ingestion, and Blood-Bromide 
Concentrations in Rats 























Average Average Average : 
total quantity total 
Diet bromide of bromide bromide 
content ingested concentration 
of diet per day in the blood 
mg./100 gm. ma./kg./day mg./100 ml. 
eS Caterina 1.3 0.7 2.7 
Diet I 2F (fumigated with 2 Jb. 
cg Sh, aan Ee: 26.2 9.8-16.4 7.0 
Diet I 6F (fumigated with 6 lb. 
CE Oe i, Fe iicisessocsetssscsersevincscnvensnicacnt 63.7 20.7-36.4 19.6 
Diet I containing 0.1% NaBrr............:ssccsscsssssseees 79.0 24.3-40.9 27.4 


exhibited by patients with a lower blood bromide. In the stuporous stage 
of bromism the blood-bromide concentration may be 300 milligrams per 
100 milliliters or greater, according to Moore, Sohler, and Alexander 
(1940). 

Flinn (1941) has reported that in a group of individuals taking twe 
grams of sodium bromide daily (approximately 20 milligrams bromide 
per kilogram per day) for four months the average blood bromide was 
16.55 milligrams per 100 milliliters, while in a group receiving three grams 
daily (approximately 30 milligrams bromide per kilogram per day) the 
average bromide concentration in the blood was 50.09 milligrams per 100 
milliliters. In none of these individuals receiving two to three grams of 
sodium bromide daily (approximately 20 to 30 milligrams bromide per 
kilogram per day) over a period of four months was there any indication 
of deleterious effects as determined by careful periodic physical examina- 
tions in which special attention was given to the following factors: nervous 
reactions ; reaction time to light signals; pulse rate; blood pressure ; electro- 
cardiogram ; oxygen capacity; carbon dioxide capacity; hemoglobin; and 
changes in the white and red cell count. 

In view of the results of our experimental work, as well as that of 
others, it is evident that foodstuffs fumigated with the usual commercial 
concentrations of one to two pounds of methyl bromide per 1,000 cubic 
feet and properly aerated will contain no residues which might have a 
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deleterious effect, even when such fumigated foods are included as a large 
part of the human dietary. 
CONCLUSIONS 

Rats maintained for one year on diets fumigated with two and six 
pounds of methyl bromide per 1,000 eubic feet and having an average 
bromide content of 26.2 and 63.7 milligrams per 100 grams, respectively, 
made normal weight gains. These rats showed no evidence of intoxication 
or nutritional deficiency as determined by hematological, histopathological, 
analytical, and organ-weight studies. Similar results were obtained with 
rats fed a diet containing 0.1 per cent sodium bromide. 

Since it has been shown that rats can be maintained for one year on 
diets fumigated with two and six pounds of methyl bromide per 1,000 
cubie feet with the production of no discernible ill effects, it is coneluded 
that foodstuffs. fumigated with the usual commercial concentrations of one 
to two pounds of methy! bromide per 1,000 cubie feet and properly aerated, 
will contain no residues which might have a deleterious effect, even when 
such fumigated foods are included as a large part of the human dietary. 
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In the program of breeding for high-quality snap beans at the U. 8. 
Regional Vegetable Breeding Laboratory, Charleston, 8. C., it has been 
necessary to analyze a number of varieties for their ascorbic acid (vita- 
min ©) content as a basis for incorporating the additional factor of high 
vitamin C content in the newly developed varieties. 

This report is concerned with the ascorbic acid content of 39 commercial 
varieties of snap beans. 

EXPERIMENTAL PROCEDURE 

Twenty varieties of snap beans of the pole type and 19 varieties of the 
bush type were grown in rows 32 feet long in randomized blocks in two 
series in the spring of 1942 and again in the fall of the same year. A few 
other varieties were analyzed during one season only and will be mentioned 
later. Two or more pickings of pods were taken from each series for ascor- 
bie acid determination, making a minimum of four determinations on each 
variety for each season. Leaves for analysis were also gathered from 37 
of the varieties. In the spring, the leaf samples were taken at the same 
time as the first picking of pods. In the fall one picking of leaves was 
made when the plants were flowering. Another picking of the pole bean 
leaves was made at the time of the second picking of pods. The leaf sam- 
ples were taken from the topmost, nearly full-sized leaves on the plant. 
These leaves were presumably among those physiologically most active 
from the standpoint of synthesizing power. All samples of leaves were 
analyzed within an hour after harvest and all pods were analyzed within 
an hour or placed in storage at 2.2°C.(36°F.), with 90 to 100 per cent 
relative humidity, and analyzed within 24 hours. Statistical constants 
were computed from variance analyses of the sets of data. 

A modification of the Morell (1941) method was used for the deter- 
mination of ascorbic acid. A sample consisting of 25 to 40 grams of bean 
pods or 10 to 15 grams of leaves was extracted with 200 ml. of one-per 
cent metaphosphorie acid for two minutes on a Waring blender at high 
speed, then filtered through fluted Whatman No. 12 filter paper. After 
disearding the first portion of the filtrate a one-ml. aliquot was placed into 
a colorimeter test tube containing 10 ml. of a solution of 2,6-dichlorophenol- 
indophenol (concentration, 17 mg. per liter) and read in an Evelyn photo- 
electric colorimeter within 30 seconds. Chemical blanks and their center 
settings were obtained by using one ml. of one-per cent metaphosphoric 
acid in 10 ml. of the dye solution. Center settings for the samples were 
obtained by using one ml. of the sample filtrate and decolorizing the re- 
maining dye with a few erystals of ascorbie acid. 


19 





20 HEINZE, KANAPAUX, WADE, GRIMBALL, AND FOSTER 


The ascorbic acid content of the sample was ecaleulated by using an 
equation derived by the method of least squares from readings on aliquots 
of pure ascorbie acid solution of various concentrations. The dilution 
effect of the moisture in the fresh sample was considered in the calculation. 

Preliminary experiments showed that the three-per cent metaphos- 
phorie acid used by Morell can be replaced by a one-per cent solution 


TABLE 1 
Comparison of Several Modifications of Photometric Ascorbic Acid Methods 











Required 


























Modified Heinze- Loeffler- Standard a 
Sample Morell Kanapaux Ponting Saciutien ‘Gi@ference 
method method method ‘ at 5-per 
cent level 
mg./ mg./ mg./ 
100 gm, 100 gm. 100 gm. 
32.5 32.5 2 a 
32.0 32.2 | a en a 
29.2 29.6 i ae, See 
31.1 31.1 —— -§ aan CUCU 
31.2 31.1 ae £ ues Ff ee 
26.2 26.2 i eo Se 
30.6 30.8 | a a: Ce 
itictcasicicosensciasan 32.5 $1.7 - a ae ere 
_ MR SUR ei enna ee? 35.8 34.5 i rr, er 
i bdsicressedeuvtncnous 32.4 $1.7 st i een, i 
ND ieciensiscerr neceeckesaien 31.35 31.14 31.14 18 30 
| | Rap neneenrnrenee 18.0 a or eee | 
Dib itkddiciessemesandeciied 20.8 oe FO uw. some «2 - 
i cniicsaccssaccssssmonstecee 20.8 i ae rn 
i iicitinicsiondacesaciods 22.7 oe fF” ee ee, | le 
I i siscdsdeccnstnsccnssccieacesen 20.58 a .238 54 
Potato Desisecssclsssovinnevcicteced 4.9 | J ae ee (ee 
_ EE ee ae 6.9 i ea a 
Ida ricecuheoniveieccionsndl 5.8 ae ae | Ciel ee 
ivcasaducionevnctainerved 6.5 — © Sow © <a ££ Gee 
TI i eitcscisccscievncciciecssarseet 6.03 eee .100 22 
Tomato Mcictconbc asccncsciaben 14.4 i aero) ee an | ee 
Deviicicchunieremmenee 13.0 i eee eet ee 
Micalectisidskpesaiivaseees 13.5 i ae, a a 
 sssapecnvecvioeninscliora 21.3 A ieee ee 
I so ocsscscsienvecsatatgesesvorsesss 15.55 oS a 349 .78 


without loss of aeceuracy. That the buffers can also be omitted is shown 
(Table 1) where no significant differences are noted between the modified 
Morell method using buffers and the Heinze-Kanapaux method in which no 
buffers are used. Loeffler and Ponting (1942) have adopted a procedure 
eliminating the use of buffers. They extract with one-per cent metaphos- 
phorie acid for five minutes in a Waring blender with a larger quantity 
of acid and use a smaller volume of a more dilute dye. Numerous runs 
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with snap beans comparing the use of 350 ml. of acid and five-minute 
extraction with 200 ml. of acid and two-minute extraction gave slightly 
but not significantly higher values for the two-minute extraction. 

For the data (Table 1) the samples were ground with 200 ml. of acid 
for two minutes and aliquots of the same extract were carried through 
the different procedures. 

RESULTS 

In the spring the average ascorbie acid content (Tables 2 and 3) 

ranged from 23 to 33.2 mg. per 100 grams of fresh weight for the pods 


TABLE 2 


Ascorbic Acid Content and Rank of 19 Varieties of Bush Snap Bean Pods of 
Spring and Fall Crops of 1942 




















































Spring 1942 Fall 1942 
Mean 
Mean Mean for 
Variety of 2 of 4 spring Rank 
pickings Rank pickings Rank and 
from 2 from 2 fall 
series series 
mg./ mg./ mg./ 
100 gm. 100 gm. 100 gm. 
SNE NI coisstenitninindecernsmnicennanee 31.9 2 33.1 1 32.5 
Low ’s Champion................. . —-t 33 1 27.6 4 30.4 2 
Giant Stringless................000. of 825 3 27.5 5 29.5 3 
i cicncenconcscisscsniinssesvens wh Dee 4 28.3 2 29.5 3 
REESE eT eee -t 69900 7 27.9 3 28.5 5 
BN WI cisccsediscadeserciivmmnerecmnens 30.5 5 25.2 7 27.8 6 
Dwark Trorticwilerall .......ccccscssoviccssesessess 28.3 9 25.6 6 26.9 7 
Tennessee Green Pod...................00eeee000+ 30.2 6 23.2 11 26.7 8 
Tendergreen sa | 28.2 10 25.0 9 26.6 9 
NE sisi cciciuehsiovsocviendoninnstven | 28.9 8 24.0 10 26.5 10 
Stringless Red Valentine........... 4 26.2 13 25.2 7 25.7 11 
Stringless Black Valentine........ mt STB 11 22.2 12 24.7 12 
Burpee Stringless Green Pod.... 26.3 13 19.9 14 23.1 13 
Early Refugee Stringless.. a 15 21.3 13 23.0 14 
U.S. No. 5 Refugee........... a 14 19.6 15 22.7 15 
Idaho Refugee.............. 24.5 16 18.7 18 21.6 16 
U.S. No. 1 Refugee... 23.3 18 19.2 16 21.2 17 
Wisconsin Refugee... 4 330 19 19.1 17 21.0 18 
RINE TIO socccisisecicsiacnccnesicccccssees 23.4 17 16.2 19 19.8 19 
IN iis siaiincecmssnciiaibinbloeaaied 27.7 is 23.6 i 25.7 
Significant difference 5%... 4.79 4.58 2.55 
Significant difference 1%.........:.s000++ 6.38 6.28 3.38 








of the bush beans and from 21.6 to 38.2 mg. for the pole beans. In the 
fall the averages ranged from 16.2 to 33.1 mg. for the bush beans and 
from 17.9 to 31.2 mg. for the pole beans. Mammoth Horticultural and 
Alabama 3 were consistently the two highest ranking varieties among the 
pole beans. Unrivalled Wax, Low’s Champion, Giant Stringless, and Mas- 
terpiece were within the highest five among the bush varieties in both 
seasons. Bountiful ranked seventh in the spring and third in the fall, 
with a rank of five for the average of both seasons. 

Several varieties not included in the spring data but analyzed in the 
fall were Cooper Wax with 23.1 mg.; Tennessee Wonder, 21.6 mg.; Pencil 
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Pod Black Wax, 21.3 mg.; Large White Marrow, 19.6 mg.; and Full Meas- 
ure, 18.9 mg. The Urd bean (Phaseolus mungo L. Mant.) contained 13.8 
mg. which was much lower than any of the other beans tested. 

One variety of the pole type, Missouri Wonder, was analyzed in the 
spring and was not repeated in the fall data. It contained 19.3 mg. and 
ranked lower than any other pole variety. 

Tables 4 and 5 give the ascorbic acid content of the leaves of some of 
the same varieties listed in Tables 2 and 3. The correlation coefficient for 


TABLE 3 
Ascorbic Acid Content and Rank of 20 Varieties of Pole Snap Bean Pods of 
Spring and Fall Crops of 1942 



































Spring 1942 Fall 1942 
Mean 
Mean Mean for 
Variety of 2 | of 3 spring Rank 
pickings Rank | pickings Rank and 
from 2 from 2 fall 
series | series 
mg./ mg./ mg./ 
100 gm, 100 gm. 100 gm. 
Mammoth Horticultural.................... 38.2 1 31.2 1 34.7 1 
Ii as nas csicsipevntetiemeninued 35.4 2 25.4 2 30.7 2 
PED IN Bicsspinsesicecssececdsnssericiceienscustgsttenes 30.2 3 22.4 9 | 263 3 
Be I IND ossvetcccsinsacvseceocedovcrenseens 26,2 8 24.8 3 | 25.5 4 
Stringless Blue Lake 4161...........00.000-. 27.5 5 22.2 il | 24.9 5 
ND DR vmrisinsisiecabeniittuonsdtinticassossavaniee | 95.1 10 23.4 6 | 24.3 6 
Stringless Blue Lake 4057......ssse00-+. | 24.9 14 23.8 4 | 24.0 7 
Striped Creasevaen........cccesecorsssccssscosasses| 24.5 12 23.6 5 24.0 7 
Kentucky Wonder Wax... ..| 25.0 11 22.3 10 | 234 9 
AO NNN bo oasis ocacacoscetevebenessveieeds | 24.4 13 22.2 2 | 28a 10 
White Kentucky Wonder..................006 | 27.2 6 18.6 18 | 22.9 1] 
Stringless Blue Lake 4157................00 27.6 4 18.1 mS | 23 |; 
Stringless Blue Lake 4060.......0......... 22:9 19 22.9 8 | 22.5 13 
Stringless Ideal Market 4176............... 25.7 9 19.1 17 22.4 14 
Rust Resistant Kentucky Wonder........ | 21.6 20 23.0 7 22.3 15 
[BE eae ee eRe ere ae | 26.4 7 17.9 20 22.2 16 
FRGUOMCEY WERDER seve cccccccesccsosevesesesssensees | 232 15 19.3 | 1 | 213 17 
Stringless Blue Lake 4160 st Sa | 16 19.3 is | 2 18 
Stringless Ideal Market 4179............... 22.5 18 19.8 13 si 18 
Ey PPI CANINE ose cccesecsescvseecssousscenvseeseicen Zee } 17 19.5 | 14 21.1 20 
I ass cnisavcssniacscowtbannbesnmees 26.1 | ome 21.9 | 24.1 
Significant difference 5%........:cceee 4.74 5.15 | 2.82 
Significant difference 1%......cccccc000 | 6.30 7.04 | 3.73 


asecorbie acid content of leaves and pods of bush beans picked on the same 
day in the spring was 0.426... For the second picking of pods approxi- 
mately one week later the correlation coefficient was 0.161; for an average 
of the two pickings (means given in Tables 2 and 4) the coefficient was 
—0.02. For the pole bean pods picked on the same day as the leaves the 
correlation coefficient was —0.211, and for a second picking of pods about 
nine days later the value was —-0.195. The means (Tables 3 and 5) give 
a coefficient of —0.394 which is not significant. 

In the fall, when the leaves were gathered at the time the plants were 
flowering and the pods harvested three to six weeks later, the correlation 
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coefficients for the four pickings of bush beans were 0.183, 0.339,! 0.317, 
and 0.281. The means (Tables 2 and 4) gave a value of 0.372. For pole 
beans with leaves gathered at the same time the correlation coefficients 
were 0.574,' 0.365, and 0.095, respectively, for the three pickings. The 
means (Tables 3 and 5) for the pole beans gave a value of 0.176. Leaves 
from the pole bean varieties were also gathered on October 13, at the 
time of the first picking of pods. The correlation coefficients for this pick- 
ing and the two sueceeding pickings of pods were 0.345, 0.180, and 0.032, 


TABLE 4 
Ascorbic Acid Content and Rank of 19 Varieties of Bush Snap Bean Leaves of 


Fall 1942 





Spring 1942 





























—— _ cece ——j| Mean | 
Mean Mean | for | 
Variety of 1 of 1 spring Rank 
picking Rank picking Rank and | 
from 2 from 2 | fall | 
series series | 
mg./ mg./ | mg./ | 
100 gm. 100 gm. 100 gm. 
Tennessee Green Pod...............cceeeeeeeeeeee 167.8 12 142.2 1 155.0 ] 
aac scincrncocneicsiensisnnnctoeieses 200.3 1 103.4 15 151.8 2 
7, es, Des We ID siicsoicsccscccecisssensnvvntee 190.2 3 110.5 8 | 150.4 3 
ee I iitavesiaesicccctinivanosieuveniennes 192.2 2 102.2 16 | 147.2 4 
sh, Pi iey, BI sceccsccstsseveecsnretanesiess 185.7 5 108.3 11 | 147.0 | 5 
NE Te cain cesacsaccmneceonnienecnes 162.1 13 131.3 2 | 146.7 6 
Ceage TW esiiensctivencccpcecscesincdoseoesinss 184.7 6 108.4 10 | 146.6 | 7 
I siccncsinccientitinninictnsenceiiaeets 188.6 4 104.6 14 146.6 7 
RR IN iii stccistrscsnsniclasteininiiovenes 171.3 s 112.4 6 141.8 | 9 
REE TCI acces ssscccecsccesccesseses 177.0 7 106.2 13 141.6 | 10 
1 RIS IIR AL aeRO Ce RES 168.2 11 111.7 7 139.9 11 
Early Refugee Stringless... 169.5 9 110.2 9 | 139.9 11 
RTE SI ciitniriessinnnismneiieserieneiinns 149.9 16 123.5 3 | 136.7 13 
Burpee Stringless Green Pod................ 158.2 15 113.8 5 135.9 14 
IY Ny cisiictaies rssricconsnenivecsnseteneecanceres 161.0 14 102.0 7 131.5 15 
Stringless Black Valentine................... 169.2 10 88.5 18 128.8 16 
Stringless Red Valentine....................0 141.8 17 106.9 2 124.4 17 
Dovairt ElOrGicwlOr all ..c.cccccssssesecsssesesesess 119.8 19 115.0 4 117.4 18 
Wincomsin ROTA G00 ...<0<scccecsecesesscessesssessee 137.9 18 79.7 19 108.8 19 
109.5 — 138.8 
496.2);  °&+| 19,86 
22.0 | 26.56 








none of which is significant. All correlation analyses were made on data 
expressed in the nearest milligram. 


DISCUSSION 
Pods from the spring harvest of both the pole and bush varieties were 
significantly higher than those from the fall harvest in ascorbie acid con- 
tent. This agrees with the findings of Wade and Kanapaux (1943) for 
the ascorbie acid content of a number of genetic strains of snap beans but 
differs from that of Mack, Tapley, and King (1939), who report little 


? Significant at the five-per cent level. 
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variation in Refugee over a period of three years. However, their plants Ip 
were grown during only one season of each year. Some individual vari- | 
eties among those analyzed in the present study have been found to be 

very consistent in their ascorbic acid content from season to season and 
from year to year. The average values for Cooper Wax were 23.1 for 16 
determinations during the spring of 1941, 20.6 for 16 determinations dur- 

ing the fall of 1941, 23.1 for one determination in the spring of 1942, and 
23.1 for eight determinations during the fall of 1942. 


TABLE 5 


Ascorbic Acid Content and Rank of 18 Varieties of Pole Snap Bean Leaves of 
Spring and Fall Crops of 1942 
































| Spring 1942 | Fall 1942 
| Mean y 
Mean Mean | for 
of 1 | of1 | spring Rank 
Variety picking Rank | picking | Rank and | 
from 2 | from 2 | fall | 
series | series | } 
mg./ mg./ - mng./ 
| 100 gm. | 100 gm. 100 gm. | \ 
ee TS soos sieseverspssesesreseesvssstovarse 158.3 1 122.7 6 | 140.5 1 
Kentucky Wonder Wax | 35328 3 128.9 4 | 140.1 | 2 
Stringless Ideal Market 4176................ 151.3 2 127.3 5 139.3 | 3 
ds cb pec daracuiccdsesesionmciereteenciors | 137.0 7 | 141.0 1 139.0 4 
OEIC CLORNGBRER, .56.5...<s0ccerccessesesscoseee | 148.1 | 4 | 113.3 11 130.7 | 5 
De Sa aE | 144.9 6 116.1 8 130.5 6 
Mammoth Horticultural...................0+ | 193.4 |] 12 134.6 2 | 129.0 | 7 
Rust Resistant Kentucky Wonder........ 134.5 | 9 | 118.7 4 126.6 | 8 
Stringless Blue Lake 4057...............000+: 136.1 | 8 | 115.4 9 125.8 | 9 
White Kentucky Wonder...................-+ 118.4 14 | 132.0 3 125.2 10 
Stringless Ideal Market 4197..............-. 146.3 5 | 100.5 14 123.4 11 
a a enincs 118.9 13 114.0 10 116.5 12 
Be MPN IIR oc soscccnacosenrsccvnceverossessces 128.4 10 | 95.8 15 112.1 13 
Stringless Blue Lake 4160 | 1142 | 17 109.5 12 111.9 14 
Stringless Blue Lake 4161 114.7 | 16 106.4 13 110.6 15 
RIN css css cessnicissrcsrtesererevencesenesies | 135.3 11 68.8 18 102.1 16 
Stringless Blue Lake 4060..................... 114.8 | 15 82.1 16 98.4 7 
Stringless Blue Lake 4157................... 106.7 | 18 79.7 17 93.2 18 
iia iaeaniistiinienmsisil 1324 | ... | 1115) ... | 121.9 
Significant difference 57%.........c0ee 48.0 | 29.5 27.74| = 
Significant difference 1%...........00000008 65.4 | 40.4 | | 37.05) 





With only one exception, Tennessee Green Pod, the same 10 bush vari- 
eties that had the highest ascorbic acid content in the pods in the spring 
were again among the highest 10 in the fall. The agreement between the 
spring and fall values for the pole varieties was not so consistent. Here 
only five of the first 10 varieties in the spring test were again among the 
highest 10 in the fall. However, this indicates that the varieties do tend to 
range in the same order for ascorbie acid content under different environ- 
mental conditions. Murphy (1942) has found this to be true in cabbage 
and tomatoes. She states: ‘‘A variety nutritionally superior by virtue of 
its genes is proportionately superior even when subjected to an unfavor- 
able environment.’’ 
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Mayfield and Richardson (1939) report values of 0.27 and 0.19 mg. of 
ascorbie acid per gram for Burpee Stringless Green Pod for two different 
years. Our values for spring and fall harvest were 26.3 and 19.9 mg. per 
100 gm., respectively, for the same variety. 

Mack, Tapley, and King (1939), in their study of different varieties 
of snap beans, found the vitamin C content of the entire pods as normally 
harvested to range in the following order: Tendergreen 0.24, Ideal Mar- 
ket 0.20, Kentucky Wonder Wax 0.19, Refugee 0.19, and Kentucky Wonder 
0.18 mg. per gm. The values reported in this paper for the same varieties 
were Tendergreen 26.6, Kentucky Wonder Wax 23.6, Ideal Market 23.4, 
Refugee 22.7, and Kentucky Wonder 21.3 mg. per 100 gm. The varieties 
are very nearly in the same order with reference to one another although 
the values given here are slightly higher than those of Mack, Tapley, and 
King. 

Wade and Kanapaux (1943) reported on three commercial varieties 
ineluded in their 49 strains in 1941. Bountiful gave readings of 28.7 and 
26.3 mg. per 100 gm. for spring and fall harvests, respectively, in 1941, 
and 29 and 27.9 mg. for spring and fall of 1942. Stringless Black Valen- 
tine gave readings of 25.8 and 25.4 mg. for spring and fall of 1941, and 
in 1942 the values were 27.3 and 22.2 mg. Brittle Wax gave readings of 
25.6 and 21.3 mg. in 1941, and in 1942 the values were 28.9 and 24 mg. 
Bountiful was higher than the other two varieties in vitamin C in all 
analyses but significantly so only in 1941. 

When harvested at the same time or within a week or two of each other 
the correlation between the ascorbic acid content of the leaves of the bean 
plants and the pods has been erratic. In some instances the correlation 
coefficient was positive and in others negative. In only one case in this 
investigation was there a significant value at the five-per cent level. How- 
ever, when the leaves were analyzed at the time the plants were flowering 
and the pods gathered from three to six weeks later, a significant positive 
correlation was found in four of seven different pickings. This would 
indicate that the level of vitamin C content in the plant during the earlier 
portion of its growing period has a closer relation to the vitamin C in the 
pods than the content slightly before or at the time of harvest. 


SUMMARY 
A more rapid method of determining the vitamin C content of snap 
beans, which eliminates the use of buffers. has been presented. 

The vitamin C content of 39 varieties of snap beans was determined. 
The results indicate that varieties tend to remain in the same relative order 
in regard to vitamin C content in the spring and the fall harvests. The 
uniformity was more pronounced in the bush type than in the pole type 
varieties. 

Little or no correlation between vitamin C content of the leaves and 
pods has been found when they were harvested at the same time or within 
two weeks of each other. A slight significant positive correlation between 
the vitamin C content of the leaves at the flowering stage of the plant and 
the pods was noted in over 50 per cent of the pickings. 
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EFFECT OF TIME AND TEMPERATURE OF STORAGE ON 
VITAMIN C RETENTION IN CANNED CITRUS JUICES 


EDWARD ROSS 
Laboratory, Dr. P. Phillips Canning Company, Orlando, Florida 


(Received for publication, June 8, 1943) 


The pioneering work to determine the vitamin C potency of canned 
orange juice was done in 1931 under a private research grant to Fellers 
and Isham (1932) at Massachusetts State College. Excellent protection 
against seurvy for guinea pigs was obtained. Shortly thereafter, chemical 
methods for vitamin C assay were developed, and an extensive literature 
on vitamin C in foodstuffs has accumulated. Investigations of value to the 
canning operations have been made in this laboratory and some data of 
general interest have been obtained. In 1936 preliminary work was done, 
with the use of aqueous iodine, in the estimation of the vitamin C content 
of fresh citrus juices. During the spring of 1938 a program was initiated 
to colleet vitamin C data along with other chemical control data routinely 
kept of all fruit used at the canning plant, Ross (1941). The effect of 
processing was studied during several seasons, and sample cans were set 
aside from time to time for storage experiments. From the point of view 
of the ultimate consumer, it was considered desirable to extend the investi- 
gations to include juice stored in open containers, simulating practices 
normally used in the home. 

Samples of juice were drawn at intervals during the regular canning 
process. Freshly reamed juice was taken from 160-gallon tanks and 
sample cans taken after this same juice had been pasteurized at 87.8°C. 
(190°F.) and sealed into cans. In order to study the effect of storage 
temperature on the retention of vitamin C in canned citrus juices, a series 
of three experimental packs were run. The juice in each of these was 
from the same tank of freshly reamed orange juice. One case of 24 cans 
was placed in an incubator at a constant temperature of 37°C.(98.6°F.) ; 
another was placed on the bottom shelf of an electrical refrigerator where 
the temperature remained between 7 and 11°C.(44.6 and 51.8°F.). The 
third case was maintained at room temperature. 


METHOD OF ANALYSIS 
Early determinations were made according to the method of Bessey 
and King (1933). However, it was soon found that the extraction of the 
centrifuged solids with hot eight per cent acetic acid was not necessary, 
and direct titration of the untreated juice with 0.05 per cent aqueous 
sodium 2,6-dichlorobenzenoneindophenol (hereafter called ‘‘dye’’) was em- 
ployed. The first pink coloration which lasted a matter of five seconds was 
found to be a satisfactory end point. According to Floyd and Fraps 
(1942) treatment of fresh or canned grapefruit juice with H.,S did not 
cause any increase in titratable ascorbic acid (vitamin C). 
Standardization of the dye solution was first made against fresh grape- 
fruit juice, the vitamin ( of which had been determined with standard 
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iodine solution. However, a very satisfactory method was found by titrat- 
ing a weighed quantity of dry ascorbic acid directly with the dye solution. 
A small amount (about 0.1 gm.) of citric acid was added to the flask 
containing the dry ascorbic acid previous to titration. The variability of 
this standardization was less than one per cent. Since the amount of dye 
was weighed accurately, the factor for every batch could be expected to 
be quite constant. This served as a double check on standardizations. Du- 
plicate determinations of vitamin ( in the juice invariably checked to less 
than one per cent. 

Titration of canned citrus juice with 0.01 N iodine gave irregular 
values over a period of months in storage. An experiment wherein one 
per cent citric acid in water was hermetically sealed in cans and stored 
indicated clearly the difference in reducing action of the dissolved metals 
on the two testing solutions. The titration values in these cans steadily 
increased with time for the iodine solution but remained at zero for the 
dye solution. 

RESULTS 

Early experiments (Table 1) studying the retention of vitamin C 
potency in canned citrus juices showed that from 98 to 92 per cent of the 
vitamin C of the fresh juice remains after canning, using the patented 
pasteurization process employed in this canning plant. After 12 months 
of storage at room temperature the vitamin C content was found to range 
from 70 to 80 per cent of that of the fresh juice. There is a gradual loss 
of about 0.01 mg. per ml. per month. The data indicate a somewhat greater 
retention of vitamin C in canned grapefruit juice than in orange juice. 
However, the time of half loss is reached at the same time for both, i.e., ° 
the 22nd month of storage. 

It became evident as data accumulated from numerous other experi- 
mental packs, not herein reported, that other important factors besides 
storage time were active in determining vitamin C retention. One such 
factor is temperature, which the results (Table 2) readily show. 

The excellent retention of vitamin C in canned orange juice kept under 
refrigeration (bottom shelf of home electrical refrigerator) is evident 
from the data (Table 2). After one year’s storage the vitamin C potency 
is 94 per cent of what it was just after canning and 89 per cent of the 
amount in the original freshly reamed juice. After one year at room 
temperature,’ there is 75 per cent of the vitamin C when canned. Thus, 
the effect of an average 15-degree rise has been to lower vitamin C from 
94 to 75 per cent. Interpolating to a cool warehouse temperature of 17°C. 
(62.8°F.), the retention of vitamin ( could be expected to be very good, 
about 85 per cent after one vear. The next 13-degree rise affécts vitamin C 
content by the amount of the difference between 75 and 17 per cent. Con- 
sequently, the average effect of temperature between 24 and 37°C. (75.2 
and 98.6°F.) is much greater per degree than between 9 and 24°C.(48.2 
and 75.2°F.). 


*In a 12-month period this amounts to the difference between 0.460 and 0.367 mg. 
per ml., or 0.042 ounce for a case of 24 No. 2 (18 oz.) cans. At the current price 
(Hoffman-La Roche Co.) of $1.20 per ounce for synthetic aseorbie acid, refrigeration 
over one year would save an amount of vitamin C worth five cents per case. 
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Flavor in canned orange juice was found to be significantly well pre- 
served by refrigerated storage. After a period of one year at an average 
temperature of 9.1°C., the juice was judged to possess a distinet orange 
flavor, free from caramelization, oxidation, or terpene. Taste tests were 
made each month by two of us in the laboratory; after the first month 
the juice could always be distinctly divided in order of decreasing taste 
appeal as that kept under refrigeration, that kept at room temperature, 
and that kept in the ineubator. The juice stored in the refrigerator for 
one year was judged to possess an excellent flavor, practically equal to 
that of newly canned orange juice. The juice stored at room temperature 
for one year possessed a good flavor, having a slightly oxidized taste, 


TABLE 2 


Temperature-Storage Effect on Vitamin C of Canned Orange Juice’ 











Storage in 





Storage 

















period Incubator Refrigerator Room 
| Temp. Vitamin C Temp. Vitamin C Temp. Vitamin C 
| a A mg. ‘ml. pet. "e,. mg./ml, pet. C. mg. ml. pet. 

Fresh sd 19 106.0 | “= 519 106.0 Sine 19 106.0 

Canned | sis 490 100.0 ae .490 100.0 ee 490 100.0 
mo. | | 

1 37 .440 89.8 8 489 99.8 21 A476 97.1 

2 37 400 81.6 10 483 98.6 28 469 95.7 

3 37 oot 66.7 11 479 97.7 27 454 92.6 

4 | 37 265 54.1 10 A475 96.9 29 443 90.4 

5 37 21 45.1 10 472 96.4 23 423 86.3 

6 37 15] 30.8 10 466 95.1 31 404 82.4 

' | @ 191 39.0 9 476 97.1 23 400 81.6 

8 | 37 .137 28.0 9 469 95.7 21 .393 80.2 

9 37 150 30.6 | 8 A475 96.9 15 .389 79.4 

10 37 .097 19.8 9 473 96.5 23 .383 78.2 

11 37 .067 13.7 7 469 95.7 19 373 76.1 

12 | 37 .081 16.5 8 | .460 93.8 25 .367 74.9 

Average of temperatures 
37 9.1 24.2 





1Each value is the average from two separate cans; all duplicate values checked within two 
per cent, except for cans stored more than three months in the incubator, in which cases variations 
as high as 15 per cent were encountered between duplicates. 


although not objectionable. After four months’ storage at 37°C. the juice 
was definitely off-color owing to browning, and was off-flavor owing to a 
caramelized and oxidized flavor. After six months this juice was dis- 
tinetly disagreeable and dark brown in color. 

Although retention of flavor and vitamin C roughly followed each 
other at any one temperature, it was not possible to fix an arbitrary vita- 
min © poteney with any one flavor. 

It will be noted from the data (Table 2) that after six months’ storage 
there is no longer a smooth, regular drop of vitamin C values. This 
irregularity is especially prominent for the ineubated juice. Since all 
three packs were originally identical, the variables seem limited to two 
factors which could contribute to this irregularity. One such variable 
might be the amount of dissolved metallic ions which had aceumulated in 
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an individual can. It is possible that stannous ions facilitate the natural 
reducing power of the juice, thereby adding to the protection of the vita- 
min C against oxidation. Headspace of air in the can is another variable 
between individual cans. This factor may operate alone or in combination 
with that of the metallic ions. Moore, Esselen, and Fellers (1943) have 
shown that degree of browning is associated with headspace, and that 
darkened samples resulting from storage at 48.9°C.(120°F.) contained 
no vitamin C, 

Stability in Open Containers: In view of the excellent retention of 
vitamin C potency in canned citrus juices, the question which presents 
itself to the consumer concerns the potency after the can is opened. Not 
all of the juice may be consumed immediately, but some may be stored 
in the refrigerator for a day or two. The results (Table 3) show the signal 
stability of the vitamin C as it naturally oceurs in citrus. 


TABLE 3 


Stability of Vitamin C in Citrus Juices in Open Containers’ 















































| Storage 
Explanation Vitamin C 
Temp. Time? 
°C. | hr. mag./ml pet. 

Orange juice; can opened 1 month after ies 0 533 100.0 
sealing 7 16 526 98.6 
Orange juice; can opened after 5 months os | 0 2054 100.0 
21 540 97.5 
s | 40 535 96.6 
8 | 48 528 95.2 
Orange juice; can opened after 1 year tt 0 | 372 100.0 
| 20 | 3 | 367 98.7 
| 2 | 19 | 347 93.3 
Grapefruit juice; can opened after 5 ae 0 397 100.0 
months | S 21 | 388 97.8 
Orange juice; fresh machine reamed ; 0 | 458 100.0 
7 hr. at 25°C. | 16 «| (449 98.0 
| 230 | AS 96.8 
Orange juice; fresh hand squeezed: 1 hr. | ad 0 | 574 100.0 
at 25°C. just after extraction ps 1 574 100.0 
| 8 22 «| ~~ 570 99.4 

| | -2 
8 43 | 562 98.0 
S 49 | 562 | 98.0 








1Glass bottles with plastic screw caps, and flasks covered by watch glasses. * Interval after 
can was opened or juice extracted. 


DISCUSSION 

When time in months is plotted against vitamin C content (Fig. 1), 

as given in Table 2, the much increased reaction rate (destruction) of the 
vitamin for the increased storage temperature is quite striking. This also 
ean be clearly portrayed by the following analysis, using the average rate 
of reaction for the first six-month period. During this period the data are 
regular, approximating a direct proportion between vitamin C concentra- 
tion and storage time. It is assumed for the purposes of the following 
analysis that variables other than time and temperature are not operative. 
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Fic. 1. Vitamin C retention in canned orange juice under d 


times. The rate of reaction of vitamin C at 10°C. 


10°C.—0.004 (found ) 


Thus, it has been found experimentally that 


TIME OF STORAGE IN MONTHS 
ifferent storage temperatures. 


It is known empirically that a rise of 10 degrees in temperature in- 
creases the rate of most chemical and biological reactions from two to four 
(50°F) was found to be 
0.004 mg. per ml. per month (average from first six-month period). On 
that basis a table can be made as follows, doubling the reaction rate for 
each 10-degree rise and fitting in the values found experimentally : 


20° C.—0.008 (eale. ) 17° C.—0.0065 (eale. ) 
30°C.—0.016 (eale. ) 27°C.—0.0130 (eale. )—0.0143 (found ) 
40° C.—0.032 (eale. ) 37°C.—0.026 (cale.)—0.0565 (found). 


between 10 and 27°C. 
(50 and 80.6°F.) storage temperature the rate of loss of vitamin C in 
canned orange juice doubles for each 10-degree r 
inereasing the temperature from 27 to 37°C. nearly quadruples the rate 











ise. On the other hand, 
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at which the reaction takes place. At 17°C.(62.6°F.) the loss of vitamin C 
owing to storage would be one-half as much as at 27°C. 


SUMMARY 


Chemical determinations of vitamin C were made on fresh and canned 
orange and grapefruit juices. The vitamin C potency after processing 
ranged from 98 to 92 per cent of that of the freshly reamed juice. Storage 
temperature was found to be very important to vitamin C retention in the 
eanned juices. Very good retention is assured at 17°C., while under refrig- 
eration 90 per cent of the vitamin C of the freshly reamed juice was re- 
tained after one year. Temperature effect was found to be disproportion- 
ately high at the higher temperatures. From 27 to 37°C. the rate of reac- 
tion of the vitamin C quadrupled, while between 10 and 27°C. the rate 
only doubled for a 10-degree rise in temperature. Flavor was judged to 
be dependent on both time and temperature of storage, roughly paralleling 
vitamin C retention. 

The vitamin C in citrus juices in open containers is very stable. More 
than 95 per cent of the original (open can or freshly extracted juice) 
vitamin C was retained after 48 hours’ storage in the refrigerator. 
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Over a period of years a considerable volume of information on the 
bacteriological aspects of many phases of the canning industry has been 
accumulated. Although this included a great deal of specialized informa- 
tion on sardine canning, no detailed bacteriological survey comparable to 
those which had been made for a number of other products had ever been 
done in any of the Maine sardine canning plants. The work which is here 
reported was prompted by the lack of full bacteriological knowledge of 
this important branch of the canning industry. 

Preliminary work during a substantial part of one canning season 
served as a guide to the later work upon which this report is based. The 
data were obtained in a field laboratory set up at a single location and are 
from material collected chiefly at two factories. A limited number of 
tests on material from other factories, the results from the preliminary 
work of the preceding season at other factories, and the similarity of 
packing procedure throughout the industry support the opinion that the 
data here recorded are fully representative. 


PACKING PROCEDURE 

A brief description of the procedure generally followed in canning sar- 
dines in Maine is necessary in order that the significance of the materials 
examined and of the various sampling points be more readily apparent. 

The Maine sardine (Clupea harengus) is a member of the herring 
family. The fish are taken in two ways, either by a purse seine or in a 
weir, which is a large, permanent, maze-like trap from which escape is not 
easy. They must be held alive for a sufficient length of time to permit 
their digestive tracts to become free of food material. When free of food, 
the fish are transferred to a boat; they are salted throughout the loading 
by throwing crude salt over them. This primary salting serves two pur- 
poses: it acts as a preservative in the event a long haul is necessary, and 
it initiates the pickling process. 

Upon arrival at the factory the fish are inspected by a state inspector. 
If approved by him, sea water is pumped into the hold to facilitate un- 
loading, the fish are hoisted from the hold in a large bucket, and are 
flumed in sea water to a pickling tank. Just ahead of the tank they pass 
over a screen which separates them from the flume water. 
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The pickling tanks, which are usually of wooden construction, contain 
a sea-water brine. The strength of the brine and the length of time the 
fish are held in it depend upon the size of the fish and the operating 
schedule of the factory. Large fish or fish which must be held longer than 
the minimum time necessary for adequate pickling require a stronger brine 
than small fish or fish which can be handled promptly. The holding time 
in the tank ranges from some four or five to as much as 24 hours, depend- 
ing upon the empirical judgment of an experienced individual as to when 
proper salting has been accomplished. 

From the pickling tank the fish are flumed in sea water into the buck- 
ets of a conveyor belt from which they are deposited into the compartments 
of the distributing drum of the flaker. The flaker is a machine which has 
as its funetion the more or less even distribution of fish on galvanized wire 
screens known as flakes. The loaded flakes are placed in movable racks and 
transferred, in lots of 30 to 40, to a steam chamber where the fish are 
cooked in flowing steam at atmospheric pressure for eight to 12 minutes, 
the time again being dependent upon the size. 

From the steam chamber the racks are transferred to a tunnel dryer 
through which air at a temperature of 32.2 to 63.3°C.(90 to 146°F.) is 
passed countereurrent to the steamed fish and in which the fish are held 
until sufficiently dry. With small fish there may be a slight removal of 
internal moisture, but in the main the hot air serves merely to dry the 
surface and thereby make it possible to pack the fish rapidly without 
erushing them. 

After removal from the dryer the racks are held until the fish are 
cool enough to handle by the packers. The flakes are distributed by con- 
veyor to the packing tables where the packers cut off the heads, and 
frequently the tails, with shears and place the trimmed fish in the can. 
The filled cans are placed on trays, or racks, which hold 24 cans. These 
are stacked with wooden separators, about one-half inch square in cross 
section, between the trays. The stacks of trays are transferred from the 
packing table to the sealing machine where approximately 20 ml. of vege- 
table oil is added to each can and the cans are sealed. The sealed cans 
drop upon a belt conveyor which carries them to the retort for processing. 
With few exceptions processing is done under pressure in retorts holding 
about 1,500 cans. The time-temperature combination used is not uniform 
throughout the industry. An average would be in the neighborhood of 
75 minutes at 107.2°C.(225°F.). 

After processing the cans may be water-cooled in the retort or they 
may be emptied onto a conveyor, carried through a hot detergent spray 
to remove external oil, and be air-cooled on a slatted table. 


BACTERIOLOGICAL STUDIES 

Materials and Methods: The bacteriological procedures and media used 
in this work were adapted from those which have been developed by the 
Research Laboratory of the National Canners Association for other prod- 
uets. The sampling points followed the sequence of operations and were 
from locations considered to be potential foci of contamination. The sam- 
ples were examined for total aerobic bacterial load, for anaerobes, and 
for resistant spores. 
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On a considerable number of samples, cultures on 12 per cent sodium 
chloride agar were included but no significant numbers of halophilic 
bacteria were ever found and this phase of the work was eventually dis- 
continued. Early results indicated the absence of thermophilic bacteria 
from the materials examined and the test for these organisms was likewise 
discontinued. None of the results of tests for either halophilie or thermo- 
philie bacteria has been included in this report. The media used included 
two per cent tryptone agar (pH 6.8 to 7.0) for quantitative aerobic plating 
and for stratifying anaerobic tubes, and liver infusion broth over particles 
of liver tissue, Cameron (1936), for anaerobes. All data are on cultures 
in these media incubated at 30°C.(86°F.) for three days. 

In all instances samples from fish included tissue and, up to the point 
where the fish were trimmed incident to the packing process, the viscera 
also. The tissue sample was prepared by cutting out under as_ nearly 
aseptic conditions as possible approximately 10 grams of tissue, including 
skin, from the central area of the body. This was added to 50 ml. of 
sterile water in a large tube, macerated with a sterile glass rod, and suit- 
able aliquots were cultured. The tube was then steamed at atmospheric 
pressure for 20 minutes and recultured in order to detect heat-resistant 
spores. The viscera were dissected out and treated in the same way as the 
tissue sample. Water and brine samples were cultured in the usual man- 
ner. For chips from the wooden surfaces of canning equipment 10 grams 
of surface shavings were shaken thoroughly with 100 ml. of sterile water 
and the supernatant liquid cultured. Serapings of solids from other sur- 
faces were not ordinarily available in quantities as great as 10 grams and 
consequently it was necessary to use a smaller quantity for the initial 
dilution. 

The results have been calculated to the number of bacteria per gram 
or per milliliter. This method of presenting the results does not give a 
rigidly accurate picture of the total number of bacteria per fish since the 
principal source of the organisms was most probably the surface, and a 
portion of the sample consisted of subcutaneous tissue. However, com- 
parative results were of primary interest, and by keeping the area dis- 
sected out as uniform in size as possible, the procedure was satisfactory 
for our purpose. 

Not all of the data that were recorded have been incorporated in the 
report. As a general rule the counts given include the highest that was 
noted and some that might be considered as average or typical. Sinee the 
differences between the average and the highest bacteriological findings 
were ordinarily not very great this selection of data would appear to be 
appropriate. In most instances no heat-resistant forms were found and 
much of these negative data have been omitted from consideration. For 
a few samples which, on the basis of experience with other products, 
might be considered as having been collected from especially significant 
points, mention of the results from heated material has been included. 

Results: Fish collected at the weir were iced in sterile jars and ecul- 
tured promptly upon arrival at the laboratory some two to three hours 
later. The total aerobic count on tissue ranged from 20 to 65 and on vis- 
cera from five to 30 per gram. No anaerobes were found. These total 
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counts are slightly lower than those which were ordinarily obtained from 
fish handled under commercial conditions, as may be seen by a comparison 
4 with the averages of results from several samples collected from five dif- 
ferent boatloads at the time of delivery to the factory (Table 1). 

The inereases in counts were not great enough to cause any concern 
from the standpoint of quality deterioration and, in the absence of heat- 
resistant spores, have no potential spoilage significance. 

Possible sources of organisms found in or on these early samples of 
H fish include the sea water, the wood of the boat hold, and the salt. A count 
on sea water collected at a weir showed 100 bacteria per milliliter. Wood 
chips were taken from the hold of only one boat and on this one sample a 





TABLE 1 


Average Number of Bacteria Per Gram on Fish at Time of Receipt at Factory 





























Tissue | Viscera 
Sample 
No. Anaer- Anaer- Remarks 
Aerobes oboe Aerobes obes 
Rviesccetasanmncsetbeiaes 100 28 130 5 | 17 hours in transit; heavily 
salted. 
- ae Ea ee 80 0 | 39 0 | 3% hours in 10% brine. 
Wiccasictieastnitaitasiadanatbits 100 40 20 0 12 hours in ice. 
Ricissscibccencieaspseuswial 625 6 | 6 55 Lightly salted. 
Ene 20 60 8 4 No information on time in 
transit or salting. 











count of 400 per gram was obtained. The salt added at the time of loading 
goes into solution in the water on the wet fish. Counts on the brine so 
formed ranged from 750 to 4,000 per milliliter. Heat-resistant spores and 
anaerobes were absent from all of these samples. In view of these findings 
it is probable that the slight increase in numbers of bacteria found on the 
fish handled under commercial conditions was not because of a multiplica- 
tion of those originally present but was due to a pickup from the brine. 
This opinion is supported by the results, presented in a later section, of 
experiments on the effect of salt concentration on the growth of the baec- 
| teria occurring naturally on the fish. 
Cultures of the harbor water used in fluming the fish, and wood and 

brine from the pickling tanks, vielded the results given (Table 2). 

The relatively high counts on two wood and two brine samples sug- 
gested the possibility of an increase in the bacteria on the surface of the 
fish as a result of pickling, but repeated examinations failed to reveal any 
significant differences from the results obtained on fish taken directly 
from the boat. The results given in the following tabulation show that 
there is little or no pickup from the tank, and that the bacteria which 
are present are largely eliminated by the steaming and drying operations 
(Table 3). 

Serapings were collected from the flaker at various points with which 
the fish come in contact and from a number of flakes. These were free of 
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anaerobes and resistant spores but showed on some occasions moderately 
high total counts. In no instance, however, were the results of such nature 
as to suggest a spoilage hazard. 

The counts on samples held for a prolonged time after drying indicate 
that the dry fish is not a suitable medium for the development of such 
bacteria as survive steaming and drying. Changes not referable to bac- 
terial activity and which cause a loss of quality might possibly take place, 
but bacterial spoilage would not appear to be a problem when for any 
reason the dried fish cannot be packed as promptly as is customary. 

Some increase in numbers of bacteria would be expected as a result 
of the handling and trimming incident to placing in the can. The increase 


TABLE 2 
Results of Examination of Harbor Water and Wood and Brine From 
Factory Pickling Tanks 








Sample Aerobes Anaerobes 





Harbor water—count per ml. 












Pa icthiccdes eretsea-cacentnsass cep vairnersvoobipia neha vasnemorsbmdeinsaies 540 Many 
IN cas vdinic iat rte danarickohauitvnsscoriavevodvadpneuomiarensvadeionccieearbocsuecebiieeaiih 80 Many 
EERE nat Ree Bi coe One RATE Toe nee ee Tee SOE 8 0 
Wood chips—count per gram 
EE eitiiceaipiscalicpaeiancmeusmsdabhichiaticenciddd badanecideniaaidntnbaniesiacabece, 1,200 6 
Sample 2’. mS 5,200 0 
Sample 3.. ae One ee eT oN ROTOR: 4,500 0 
IN Sa at sa daas ph dantencsscvde da cdoubadtedansc apa nsedaienstondeviadacasonaiauiiiiel 10 0 
Brine—count per ml. 
i, SE SSeS RON eR OTT EO ELT TO 7,000 15 
NN Ts dais descshscae seaticnsitovsnibaildsucncédpeieladeaniind denascitddasitesecsbedadsieavnsapioiadea 340 0 
NIN I ias.co-issssuicaipaamlowayectuiisotin dead ronsotesoa Vans ucasapsaaoscpexevnmtweccausabindesbesed 100 + 
EE RESIS rrr ot ace eee oe A GE one MO ET 5,500 0 





1 Wood sample No. 2 showed 50 aerobic spores per gram. *Brine sample No. 4 showed 25 


aerobic spores per ml. 


noted was not very great in absolute numbers except in isolated instances. 
Counts ranged from as low as 15 to as many as 2,300 per gram with most 
of the samples falling within the range of about 150 to about 300. Anaer- 
obes were recovered from only two samples and were present in these in 
very low numbers. 

Cultures from surface scrapings of packing tables suggested that an 
important source of the bacteria in these samples was the table surface. 
The counts from ordinary hardwood tables were uniformly high with as 
many as 700,000 per gram being recorded. It should be emphasized that 
these counts were not the consequence of a lack of physical cleanliness 
or an indication of an unsanitary condition since the tables were kept seru- 
pulously clean and were thoroughly scrubbed with a detergent solution at 
the end of each packing period. The entire operation was, furthermore, 
under continuous supervision by a state inspector. 

The knowledge that wooden surfaces may become impregnated with 
bacteria is, of course, not new. It was early established in connection with 
work on peas by Cameron, Williams, and Thompson (1928), and the obser- 
vation made at that time has been repeatedly confirmed. In the vegetable 
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canning branch of the industry where spores of established spoilage sig- 
nificance may contaminate the product the problem is somewhat more 
serious than in the present instance where the organisms found were of 
low resistance to heat and, consequently, could not be considered as con- 
stituting a spoilage hazard for the canned product, even if taken into the 
ean in large numbers. The problem has very generally been met in a fully 
satisfactory way by the substitution, wherever possible, of impervious ma- 
terials for wood surfaces which come in contact with the product or a 
moist ingredient of the product. A similar substitution of material for 
packing tables would minimize the possibility of a pickup of bacteria 
from the table by the fish. The packing tables are generally plain hard- 


. TABLE 3 
Bacteria Per Gram on Fish From Pickling Tanks, Steamer, and Dryer 





























Tissue Viscera 
Sample Remarks 
Aerobes | Anaerobes| Aerobes | Anaerobes 
From tank 
110 3 0 0 1% hr. in tank. 
330 0 16 4 12 hr. in tank. 
35 0 0 0 No record of time in tank. 
From steamer............ 2 7 2 1 Average of 13 samples. 
From dryer | 
D ipaissieneenncanintioe 8 0 10 26 Average of 8 samples. 
Wsiischicesvehsieasnapicsbamvecna + + 2 0 Average of 10 samples." 








1 Held at room temperature for 50 hours after drying and before culturing. 


wood, but it was possible to secure samples from a few with masonite and 
a few with varnished hardwood surfaces. The count on scrapings from 
these tables was in the range of 2,000 to 3,500 bacteria per gram. The 
counts on fish from eans filled at these tables were consistently lower than 
from cans filled at the other type of table. 

The sticks used as separators are a doubtful source of bacteria since 
they are rarely in contact with the fish in the filled can. Examinations 
were made, however, of shavings from a number of these. Considerable 
variation was noted, the counts ranging from as few as five to as many as 
2,700 per gram. 

Although the cultural results from unprocessed material indicated the 
improbability of bacteria being recovered from processed cans, a large 
number of such cans were cultured, both promptly after processing and 
after incubation. Bacteria developed in a low percentage of the cultures, 
but in view of the observations on air contamination reported by Williams 
and Clark (1942) in connection with their examination of canned salmon 
no significance can be attached to these positive cultures. No check on the 
extent of air contamination similar to that which they made was done, but 
much of the culturing was done under less favorable environmental condi- 
tions than they report, and the results were comparable to those that they 
obtained. No organoleptic evidence of spoilage was encountered in any 
instance. 
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Certain of the results noted in earlier studies on sardines as well as 
during this work were considered to illustrate the restraining action of 
salt on bacterial growth. In connection with the handling of the raw ¢ 
product it is important to have some information on salt inhibition of the 
bacteria which oceur naturally on the fish. From work with other products 
it was known that as little as three per cent of salt would have marked 
inhibitory action on some organisms. The brine used on sardines has other 
functions than the inhibition of bacteria, and a brine as weak as three per 
cent would probably never be used. However, since our primary interest t 
was in the effect on bacteria, it was decided to start at this level a series 
of experiments to check the inhibitory effect of salt on the growth of the 





TABLE 4 


Effect of Brine Strength on Multiplication of Bacteria of 
Natural Occurrence on Fish 
































Tissue | Viscera 
Sample | Remarks 
No. Aerobes | Anaerobes| Aerobes | Anaerobes 
3% brine | 
eccasisgasesiviweicetosanees 70 | 21 | 0 5 Initial sample. 
Od aaa a i 150 | 0 | 27 0 Held for 5 hours. 
Mii tiapupaicivcccanecntetoneouentees 850 50 790 26 Held for 22 hours. 
8% brine | 
Woicivcsoiiucievacilecisbensteers 33 CO 130 1 10 Initial sample. 
a i 140 | 0 31 0 Held for 24 hours. 
asssacesvedcecipevonnverscmnicass 60 0 | 3 0 Held for 48 hours. 
_ PEE OE 45 oO | 80 0 Held for 72 hours. 
Wicasssnsesveucsieisoneeienesctenees 175 | o | 620 0 | Held for 96 hours. 





organisms normally present. Some multiplication of the bacteria was evi- 
dent in this strength of brine. Later experiments established that a salt 
concentration of eight per cent was necessary for inhibition. With this 
strength of brine no significant change in numbers occurred during an 
extended holding period at room temperature; representative results are 
given (Table 4). 

Some multiplication in the eight per cent brine appeared to have taken 
place after 72 hours, but no practical importance ean be attached to this 
fact since the holding time is far in excess of that which is compatible with 
satisfactory commercial quality. 

SUMMARY 

The results indicate that only a small number of bacteria was normally 
present in and on the fish and that heat-resistant types were absent. Or- 
ganisms capable of growing under anaerobic conditions occurred irregu- 
larly and were not numerous in any instance. There appeared to be an 
insignificant pickup of bacteria as a result of the primary salting, but the 
steaming and drying operations reduced the number to a very low level. 
Incident to the trimming and filling operation there was a substantial 
percentage increase in the bacterial load. This inerease appeared to be 
closely related to the nature of the packing table surface, since fish handled 
on a table with a relatively impervious surface showed fewer bacteria than 
those from an ordinary hardwood surface. 
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Thermophilie bacteria were not encountered at any stage of the opera- 
tion, and halophilic bacteria were present only in low numbers. 

A concentration of eight per cent salt was found to be necessary for the 
inhibition, over a commercially practicable holding time, of the bacteria of 
natural occurrence on the raw fish. 

The survey failed to demonstrate any spoilage hazard in the canning 
of sardines as done in Maine. This of course does not mean that it is not 
possible for a hazard to develop or occur, but it affords an explanation of 
why spoilage difficulties are of infrequent occurrence in the industry. 
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Turnip tops are the most popular kind of greens in the South and 
a prominent food in the southern diet. They well deserve to be, on both 
nutritional and economic grounds. Their value as a source of certain 
minerals and vitamins is recognized. The edible portion contains about 
26 parts per million of carotene and, according to Fraps and Meinke 
(1942a), are among the cheapest sources of vitamin A poteney for Texans. 
With an average of 162 milligrams per 100 grams of ascorbie acid in 
turnip greens as purchased, Floyd and Fraps (1939), they are one of the 
cheapest sources of this vitamin, Fraps and Meinke (1942b), despite loss 
in cooking. The present study is concerned with the ordinary chemical 
composition and the caleium, phosphorus, and iron contents of turnip 
greens. 

The preferred stage for marketing turnip greens and for use out of 
the home garden is usually described as ‘‘ young and tender.’’ But at how 
early a stage of growth does the composition of turnip greens justify 
their use as food? How much does composition change with age? What 
change in tenderness occurs as the plants grow? Is palatability related 
to stage of growth? Such considerations prompted this study. 


EXPERIMENTAL PROCEDURE 

Samples of Seven Tops turnip greens were harvested at different stages 

of growth. Portions were submitted to chemical analysis, used for objec- 
tive tests of tenderness, and judged for palatability after cooking. The 
greens were grown under 16 different fertilizer treatments in factorial 
arrangement on Lufkin fine sandy loam at College Station, Texas, in the 
fall of 1939 and of 1940. These plantings were made primarily for another 


*Approved for publication as Technical Contribution No. 793 from the Texas 
Agricultural Experiment Station and as Research Publication No. 10 from Texas 
Technological College. (A portion of this work was made possible by a special research 
grant from the 47th Texas Legislature.) 
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experiment, but they also furnished material for this supplementary study. 
The youngest plants used were those taken for thinning, while more mature 
samples came from the guard rows. Successive samples were always taken 
from the same fertilizer treatment and rows for a specific use. Some of 
the eating tests were made in homes at College Station, some in the home 
economies laboratories? at the University of Texas, at North Texas State 
Teachers’ College, and at Texas Technological College. 

The three samples taken for thinning were smaller than usual market 
size. The leaves, including stems, in the first of these samples ranged from 
one and one-half to five and one-half inches in length, and of the third 
from three to six and one-half inches. The first two samples from the 1940 
crop were thinnings, the first having leaves one and one-half to four inches 
long, the second, two to seven inches. The random samples of marketable 
size which followed had leaves three to five inches long in the smaller 
plants and 10 to 16 inches in the larger ones. The last sample consisted 
of plants which had revived after severe cold weather. These last plants 
were beyond marketable stage with the larger leaves approximately 12 to 
19 inches long, stems thicker and heavier, and vascular bundles stronger 
than in the preceding sample. Such greens would not ordinarily be chosen 
to eat. 

All greens subjected to chemical analysis were guarded against con- 
tamination from dust and metal utensils. The greens were harvested with 
enough of the root crown to hold the leaves together. The leaves with stems 
attached were broken off with thumb and fingers, in younger plants about 
three-fourths inch above the crown, in older plants at about one to one 
and one-half inches, all leaves suitable for cooking being retained. The 
same person performed this task with all samples thus minimizing varia- 
tion owing to the personal factor in handling the fresh greens. The leaves 
were washed several times in tap water until free from sand. Greens for 
chemical analysis were rinsed twice in distilled water and spread out in 
a single layer on cheesecloth supported on a special rack. Water on the 
surface of the leaves was removed by gently patting with cheesecloth, 
aided by draft from an electric fan. Weight of washed leaves, when dry 
but not wilted, was used as ‘‘fresh weight,’’ since the leaves in this state 
more nearly approximated uniform turgidity than at any other point in 
handling them. The leaves were then allowed to wilt and were dried at 
100°C.(212°F.) in an electric oven with foreed draft. They were ground 
in a ball mill and sifted through a 30-mesh silk bolting cloth which was 
held by the hands or fastened in a wood frame. 

Two or more determinations of each constituent were made on each 
sample. Chemical analysis included determination of water content of the 
fresh greens and of protein, fat, crude fiber, nitrogen-free extract, total 
ash, ealeium, phosphorus, and iron contents of dried samples. Iron deter- 
minations were made by a procedure based on the o-phenanthroline method 
of Saywell and Cunningham (1937). However, nitric acid as well as sul- 


* The authors make grateful acknowledgment to Miss Jennie Wilmot, Miss Marjorie 
Acheson, and Miss Jonnie MeCrery who respectively supervised the cooking and judg- 
ing of the greens at the University of Texas, North Texas State Teachers’ College, and 
Texas Technological College. 
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furie and perchloric acids were used in the wet ashing of the samples, 
according to the method of Jackson (1938), and an Evelyn (1936) photo- 
electric colorimeter was used for measuring color concentrations. For all 
other constituents methods of the Association of Official Agricultural 
Chemists (1940) were used. 

Tests for tenderness were made on six successive samples of greens 
from the 1940 crop by means of a Warner-Bratzler shearing device. A 
cardboard ring of 1.9 centimeters diameter was filled with the stems of the 
greens held parallel to one another and extending approximately one and 
one-half inches through the ring. Several such bundles were used for the 5 
test of each sample. The first shear was made on the bundle of stems about 
one-half inch below the ring toward the stem ends. Successive shears 
followed at points from one to two or three inches in progressive order 
toward the tip of the leaves so that shearing strength was determined for 
stems, stem portion with lower lobes of leaf blade, and leaf blade. After 
the first shear the bundle was held together only by the hand of the 
operator. 

The greens cooked by College Station families were cleaned, washed, 
and weighed in the laboratory, the same procedure being followed as for 
greens to be analyzed except rinsing in distilled water and removal of 
surface water. Each household followed its own custom and reported the 
procedure used. Each adult person who ate the greens, which were served 
as part of a regular meal, filled out a judging record. Four families in the 
scientific and two in the clerical staff of the Experiment Station. one farm 
laborer’s, and a colored maid’s took part in the cooking tests, making a 
total of 24 persons judging the eating qualities of the greens. 

Greens to be cooked and judged in the home economies laboratories were 
wrapped in moisture-proof Cellophane as harvested, packed into heavy 
paper boxes, and shipped at once by express. Transportation required 
about 24 hours. During any interval between arrival and cooking. the 
greens were held in the refrigerator in the original shipping package. 
Each laboratory cooked three-fourths-pound samples of washed greens 
(leaves with stems) plus one-half teaspoon of salt in one-half, one, three, 
and six cups of tap water, and three-fourths-pound samples each of stems 
and leaves separated, in three cups of water. Cooking water was boiling 
when greens were added. Each laboratory chose whether to use open or 
closed pan (except that all used cover with the sample cooked in one-half 
cup of water). The ‘‘done’’ stage was judged by piercing with knife or 
fork or trying with the teeth. Record was made of cooking time and of the 
number of servings including both greens and liquor from each sample 
cooked. Judging records were filled out by 38 students and instructors; 
from four to 19 persons participated in judging each sample. 





RESULTS AND DISCUSSION 
Chemical Analyses: Data from the chemical analyses are recorded 
(Table 1); of the total 112 average values obtained for the dried greens,’ 
31 of them are averages of the results from the two chemistry laboratories. 








*Appreciation is expressed to J. F. Fudge for analyses of dried samples made in the 
Texas Agricultural Experiment Station. 
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The data on the moisture-free basis indicate that the protein, ash, 
calcium, and iron tended to decrease with increased growth, while the 
nitrogen-free extract increased as did also the crude fiber with some irregu- 
larity. Phosphorus and fat content varied irregularly. 

The data expressed on the fresh basis present a more consistent relation- 
ship between stage of growth and composition. Trends are in the same 
direction among the samples of the two years. In general, content of 
water decreased progressively, while all other constituents increased with 
age; however, the general trend in the 1940 series (Table 1) is reversed 
by the thinning (youngest) samples for some constituents, by the oldest 
sample for others. The lowest content of phosphorus is in the second 
sample instead of the first in the 1939 series, and for caleium in the un- 
fertilized series of 1940. 

Neither the data nor records of handling the greens provide satisfactory 
explanation of the instances of departure from the general trend of change 
in composition of fresh greens as the plants grew. Some common factor 
must have been operating since the same samples—only the oldest and the 
two harvested by thinning in 1940—were involved in divergence from 
the general trend, except for phosphorus in the 1939 series and caleium 
in the unfertilized series of 1940 as noted above. 





How important with respect to the food value of turnip greens are the 
changes in composition that occur with growth of the plants? A final 
answer to that question must await further research to determine the 
extent to which the human body ean utilize the nutrients of turnip greens 
when eaten as part of a well-selected diet. But a partial and tentative 
answer is offered in the estimation that has been made of the dietary con- 
tribution from one serving of turnip greens. For this estimation the data 
for the fresh greens have been used since they represent the greens as they 
are when ready to cook. It has been assumed, as suggested by the cooking 
tests of this study, that 100 grams of fresh raw greens approximate one 
serving when cooked, also that all liquor is eaten, and that the nutrients 
are available to the human body. Thus considered, turnip greens have 
been shown by this study to be well worth eating at every stage of growth 
as a source of calcium, iron, and erude fiber, but to be of little consequence 
for protein, fat, nitrogen-free extract, and phosphorus in an otherwise 
good diet. 

The caleulated contributions and aids in comparing certain of them 
with the current recommended daily allowance for a moderately active 
grown man are shown (Table 2), Food and Nutrition Board, National 
Research Council (1943) and Sherman and Lanford (1940). 


The greens with highest calcium content would furnish 0.26 gram of 
calcium in one serving which is 32.5 per cent of the recommended daily 
allowance (0.8 gram) for an adult, while the sample containing the least 
ealecium would supply in one serving 0.12 gram of caleium or approxi- 
mately 15 per cent of the allowance. Of iron, one serving of the best sam- 
ple would supply 0.0024 gram, which is 20 per cent of the recommended 
daily adult allowance (0.012 gram); the poorest sample would furnish 
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0.0012 gram, or 10 per cent of the allowance. Considering that the iron 
in the usual well-selected mixed diet must be secured from a number of 
sources, the authors believe that any food, one serving of which furnishes 
as much as 10 per cent of the daily allowance of iron, should be considered 
valuable and even smaller contributions are not to be disregarded. Fiber 
values ranged from 0.56 to 1.11 per cent, making these turnip greens at 
every stage of growth comparable with other leafy vegetables which are 
depended upon to give bulk to the diet. 

Total ash in one serving of these greens ranged from 1.18 to 1.55 grams 
expressed on the fresh basis, values comparable with other foods prized 
for a mixture of minerals. In these samples of extreme ash values the 
calcium, phosphorus, and iron together constituted 13 per cent (minimum) 
and 22.6 per cent (maximum) of the total ash; hence, turnip greens should 
be of value also for other essential minerals. 


TABLE 2 
Contributions to the Diet From One Serving’ of Turnip Greens 


(Total series of 1939 and of 1940 considered) 



































Ye ee From samples mended allowance in Calories 
allow- 
Min. Max. ance” Min. Max. Min | Max. 
gm. gm. gm. | pet. pet. 

0.56 = a ores jee ae err, eee | selene 
1.18 eh Cieeorees | ee a) ee —, 

0.12 0.26 0.8 15.0 te neers 

0.032 0.088 132 | 2.4 gs ieee | 
is inciiscccnsoiancsanieod 0.0012 0.0024 0.012 | 10.0 A nan) lpr reen 
PIN soccncuncetonanaccutacnons 2.44 4.47 70.0 3.5 6.4 9.8 17.9 
esc ivkacacnasisessncscaarcsbccwvsond 0.19 Cae Dh aes © dian xe 1.7 4.3 
N-free extract... 1.54 ee es pee 6.2 | 19.6 
17.7 41.8 





1One hundred grams fresh, about one-half cup cooked. Assume all liquor eaten and nutrients 
available to human body. ?For a moderately active adult man. 


One serving of these greens could have furnished but 2.4 to 4.5 grams 
of protein, which is unimportant compared with a total daily allowance of 
70 grams for an adult man and 80 to 100 grams for adolescents. Of fat, 
one serving would yield only 0.19 to 0.48 gram; of nitrogen-free extract, 
from 1.5 to 4.9 grams, only part of which is digestible carbohydrate. The 
maximum nitrogen-free extract and fat together would supply less than 
one per cent of the energy of a 3,000-Calorie diet in comparison with the 
usual recommendation that fat and carbohydrates supply from 85 to 90 
per cent of the total daily energy. The sample of greens richest in phos- 
phorus would furnish only 0.088 gram and the poorest sample 0.032 gram, 
unimportant quantities when expressed as 6.7 and 2.4 per cent of the 
recommended daily amount of 1.32 grams of phosphorus. 

Tenderness Tests With a Shearing Device: The slow rate of increase 
in shearing strength and the nearly uniform values for each of the three 
parts of the greens at the same age (Table 3) are surprising features in 
these objective tests of tenderness. The total range of shearing strength 
was 12.75 to 21.97 lb. for stems; 12.94 to 21.42 lb. for stems with leaf 
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lobes; and 11.22 to 19.64 lb. for leaf blades. Samples collected by thin- 
ning, consisting of such plants as should certainly be used from the home 
garden although too small to market, compared with the greens which first 
reached marketable size, showed less difference in shearing strength for 
stems (1.3 lb., 9.3 per cent) and stems with leaf lobes (1.9 lb., 12.6 per 
cent) than for leaves alone (2.8 lb., 19.9 per cent). The toughness of mar- 
ketable greens increased in two weeks to the extent of 4.8 lb. (27.1 per 
cent) shearing foree for stems, 4.4 lb. (29.9 per cent) for stems with leaf 
lobes, and 3.9 lb. (27.8 per cent) for leaf blade only. The last sample in 
the series, a month older than the preceding sample and beyond market- 
able size and age, sheared at an increase over the preceding sample of 
4 lb. (22.8 per cent) for stems, 2.2 Ib. (11.3 per cent) for stems with leaf 
lobes, and 1.8 lb. (1.0 per cent) for leaves. These results of tests of tender- 
ness are contrary to the common opinion that stems of older greens are 
very much tougher than the leaves, for in the first five samples the stems 
required from 0.04 lb. (marketable greens) to 1.5 lb. (thinning samples), 
average 0.8 lb., more of shearing force than did corresponding leaves and 
in the oldest sample only 2.3 lb. more. However, the leaves may contain 
materials which sometimes become more tender upon cooking, as the lab- 
oratories scored six of nine samples of cooked leaves slightly higher (more 
tender) than the corresponding samples of stems (Table 5). 

Cooking and Eating Tests: From one to six families at College Station 
cooked and ate not only samples harvested the same day on which greens 
were taken for chemical analysis, but also other samples harvested on 
intermediate dates from the 1940 crop. The home economics laboratories 
cooked and judged only samples of marketable size greens except that 
one of them used also the last thinning sample. The results of the eating 
tests are given (Table 4) for the College Station families and (Table 5) 
for the laboratories. 

The cooked greens were judged by use of the following seale of values 
for each of three qualities: 


Characteristic 


Tenderness Degree of bitterness turnip greens 
flavor 

5 = very tender 5 = absent 5 = excellent 

3 = tender 5 = present, but agreeable 3 = good 

2 = neutral 3 = present, slightly objec- 2 = fair 

1 = tough tionable 1 = poor 

0 = too tough 2 == more objectionable 0 = not acceptable 
to eat 1 = very objectionable 


0 = refused to eat 


The scoring scale in preliminary use assigned the five-point value to ‘‘bit- 
terness absent.’’ Some judges, among them several home economists, 
objected, saying turnip greens should be slightly bitter, and that’s the way 
they preferred them! Hence, the provision for choice on five-point value 
for bitterness. 

Variations in the average scores by families (Table 4) appear to be 
in no way related to stage of growth. All scores are 2 or above (fair 
quality and better) with exception of one rating of 1 (very objectionable) 
given to bitterness. That this low score is not related to age of greens is 
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indicated by the same family’s score of 5 on bitterness given to another 
sample of greens harvested the same day and also to some harvested nine 
days and some two weeks later. The youngest sample with a score of 4.55 
on tenderness is nearly matched by one of 4.33 for greens five weeks older ; 
the score of 3.67 on bitterness for the younger sample is exceeded (higher 
score, less bitterness) by that of eight older samples, and the score of 3.55 
on flavor of the youngest sample is exceeded by two scores of 5 and is most 
nearly matched by the score of 3.42 on greens a month older and by 3.23 
for the last sample in the series. 

As may be seen (Table 5), when three-fourths pound of leaves with 
stems were cooked in either three or six cups of water the greens were 
more acceptable than those cooked in one-half or one cup of water. Of 
the 10 samples cooked and judged, all scores on the lots cooked in three 
and six cups of water were above 2, except that one sample was graded 
lower than 2 on tenderness and flavor, and another sample on flavor, by 
one laboratory. Of 57 scores on leaves with stems cooked in three and 
six cups of water, 35 of them were 3 or above. Thus the greens were rated 
high by the laboratories. With scores so nearly the same for the three- 
fourths-pound lots of leaves with stems cooked in three and six cups of 
water, respectively, it would seem wise to propose the lesser proportion of 
water, one quart (four cups), to cook one pound of greens, as the smaller 
quantity would produce an excellent flavor and an amount of liquor more 
likely to be entirely consumed than would a larger amount. 

Stems and leaves cooked separately in three cups of water to three- 
fourths of a pound of sample showed small differences in scores which 
were sometimes in favor of stems, sometimes in favor of the leaves, in 
each of the three qualities judged (Table 5). Compared with correspond- 
ing samples of leaves-with-stems cooked in three cups of water, among 
seven lots of samples cooked on different days, two of stems only and three 
of leaves only, received for tenderness a score as high as, or above, the 
score given leaves with stems. On bitterness, five of eight samples of stems 
only, and four of eight of leaves only, were scored as high as or higher than 
leaves with stems from the same harvestings. Flavor scores were higher 
for three of seven samples of stems only, and five of seven samples of leaves 
only, than for corresponding samples of leaves with stems. Zero score was 
given to no sample of the leaves-with-stems cooked in three cups of water 
nor to stems only, but zero was given to tenderness in one sample and 
once each to bitterness and flavor in another sample of leaves only. 

A few persons objected to the ‘‘stringiness’’ of the cooked stems in 
older greens; but a greater number made no such comment. Some noted 
that. leaves cooked with stems were less bitter than leaves cooked alone, 
an observation supported by the laboratory scores. The evidence from 
this study would justify encouraging the use of turnip greens stems by 
those who find them palatable. To eat the stems of turnip greens is one 
way to conserve food value, a special goal in war time. A study is in 
progress of the composition of separate leaf and stem portions of turnip 
greens at successive stages of growth. 

The small differences in the scores given by the College Station families 
to greens of different ages are the more striking, considering the variations 
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in cooking procedure. Six of eight families cooked the greens covered, 
one without cover, and one family sometimes used the cover, other times 
did not. Some families used all of the stems, others discarded all stems; 
some families used all the stems in the younger greens but discarded all 
or part of the stems in older samples only. One housewife discarded stems 
of a younger sample, as was her custom, but followed the suggestion to 
cook them in an older sample, and her family either did not object or 
positively liked the mixture of stems and leaves. Amount of cooking water 
to one pound of greens varied from one to eight cups. In one home the 
water to cook one pound of greens varied from four to eight cups and was 
not related to age of greens; in another home, from one to three cups of 
water was used to one pound of greens. Cooking time in homes seemed 
to be as much a matter of custom as of age of greens. The least difference, 
in the same home, between cooking time of youngest and oldest greens was 
27 minutes, the greatest difference, one hour and 15 minutes. As between 
homes, cooking time of the youngest greens differed by 39 minutes (range 
13 to 52 minutes), while more mature greens from the same harvesting 
were cooked as much as one hour and 20 minutes longer in some homes 
than in others. Shorter time of cooking will help to conserve vitamin 
values; yet the greens must be cooked enough to be palatable, else they are 
likely not to be eaten. 


Despite the great popularity of greens and the fact that but one gen- 
eral type of preparation is used for them—boiling till tender and season- 
ing with fat or fat meat—the variations in the details of cooking procedure 
are amazing. The situation is well summed up by the instructor of one of 
the co-operating foods classes after reading the description given by her 
21 students of the details of cooking turnip greens in their own homes: 
‘‘The one point on which they agree is that the sand, bugs, and spiders are 
not to be ecooked.’’ 

The laboratories varied in their use of a cover on the cooking container. 
One never covered the greens, another used a cover till the greens wilted 
then removed it, and the third covered the greens in the first two samples 
(harvestings) but omitted covers from the third sample. Similarly with 
consumption of the liquor, one laboratory served none of it; a second added 
about one tablespoonful to each serving of greens; the third served all the 
liquor if there was only a small amount, or used one to two tablespoonfuls 
per serving if there was an excess of liquor. 

Cooking times of 20 minutes to one and one-half hours were used by 
the laboratories, but most samples, regardless of amount of water, were 
tender after 30 to 50 minutes of cooking. Cooking times used for separated 
leaf and stem samples were similar to times used for leaves with stems 
from the same harvesting, with one exception—55 minutes for stems only 
as against 20 to 35 minutes for the other five lots cooked out of the same 
sample. 





The number of servings made by the laboratories out of three-fourths 
pound of raw washed greens varied from twe and one-half to five, with 
three and four the most frequent numbers. Thus the average size of one 
serving in a laboratory was near 100 grams of raw fresh greens. Among 
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College Station families the number of servings calculated to a fresh- 
weight basis ranged from 54 to 76 grams in the home of a clerical worker, 
and from 151 to 215 grams in the home of the farm laborer, but this second 
family used 170 grams per serving in five out of eight cooking tests. Other 
families had intermediate ranges in size of servings so that 100 grams 
would approximate the average. Family custom, along with the practice 
in the laboratories, suggests that 100 grams of raw fresh greens may be 
used as an average serving. 
SUMMARY AND CONCLUSIONS 

Turnip greens of Seven Tops variety were grown in two fall seasons at 
College Station, Texas. Three samples were harvested over a period of 
five weeks from the first crop and 11 samples over eight and one-half weeks 
from the second crop. 

On the fresh-greens basis there was a decrease in water content but 
an inerease in protein, fat, nitrogen-free extract, total ash, calcium, phos- 
phorus, and iron. Water content averaged 91.3 per cent and maximum 
change with age was slightly under five per cent. Considering all samples 
on the fresh basis, the range in percentage content of the solid constituents 
were as follows: protein 2.438 to 4.47, fat 0.19 to 0.48, nitrogen-free extract 
1.54 to 4.90, fiber 0.56 to 1.11, total ash 1.18 to 1.55, caleium 0.12 to 0.26, 
phosphorus 0.032 to 0.088, and iron 0.0012 to 0.0024. 

The cooking tests of this study suggest that 100 grams of the raw 
washed greens will make an average serving when cooked. Such a serving 
of these greens would have supplied at different ages from 15 to 33 per 
cent of the recommended daily adult allowance of calcium, and from 10 
to 20 per cent of the iron allowance. At each age studied they would have 
supplied also valuable amounts of total ash and fiber but would have 
been of little consequence as a source of protein, fat, carbohydrate, and 
phosphorus. 

The eating quality was not related to stage of growth whether tested 
by families or foods classes and irrespective of whether stems were cooked 
or disearded. 

Toughness of raw stems, leaf blades, and stems with leaf lobes in- 
creased with age as shown by mechanical shearing tests, but at each stage 
the toughness of these three parts of the greens leaf was similar. Shear- 
ing strength ranged from 12.75 to 21.97 Ib. for stems, 11.22 to 19.46 Ib. 
for leaf blades, and 12.94 to 21.42 lb. for stems with leaf lobes. Cooking 
tendered all three parts of the greens in approximately the same time. 
Cooking time ranged from 13 minutes to two hours and 20 minutes, 
among families and from 20 minutes to one hour and 30 minutes, in the 
foods laboratories. Cooking time varied as much with household custom as 
with age of the greens. It would be advisable to use the shortest time, 15 
minutes to one hour, to tender the greens so as to conserve vitamin values. 

Greens cooked in three cups (one and one-half pints) or six eups (one 
and one-half quarts) of water to three-fourths pound of raw greens were 
rated higher on tenderness, degree of bitterness, and characteristic turnip- 
greens flavor by the scores of home economics students and instructors 
than other lots from the same sample cooked in one-half or one eup of 
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water. It is suggested, therefore, that one quart (four cups) of water to 
one pound of raw greens be used for cooking since that procedure would 
insure ‘a palatable product and be more conducive to consumption of all 
the liquor, than would the use of more water. 

This study emphasizes that Seven Tops turnip greens, including all 
parts, were good to eat from the earliest possible to latest possible harvest 
date and that they are to be prized at all stages of growth as a source of 
fiber, total ash, calcium, and iron in the diet. 
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Because sampling is one of the most important of research procedures 
and fresh plant material is very difficult to sample, special interest is 
attached to the influence of method of selecting representative material 
upon the results of subsequent chemical analysis. Opportunity has been 
taken to make such a study by utilizing the guard rows of an experi- 
mental planting of Seven Tops turnip greens grown at College Station, 
Texas, in the fall of 1938. It seemed advisable to determine both pre- 
cision of analytical results and economy of labor as influenced by the three 
methods of sampling employed. For purpose of comparison with certain 
aspects of the results with the samples harvested by different methods, 
data secured in another study of turnip greens grown the same year at 
Winter Haven, Iowa Park, and College Station, Texas, are drawn upon 
for this report. 

EXPERIMENTAL PROCEDURE 

The entire planting consisted of 20 rows each 40 feet in length. Half 
the length of each row received a uniform application of the same fer- 
tilizer (ammonium sulfate, superphosphate [23 per cent], and muriate of 
potash at the rate of 60 pounds each per acre). The remaining 20 feet 
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of each row was grown without fertilizer. The outer five rows on either 
side of the planting were the guard rows, shown by diagram (Fig. 1). The 
inner four guard rows on either side of the fertilized portion of the plant- 
ing—Rows 2, 3, 4, and 5 in one set and Rows 16, 17, 18, and 19 in the 
other set—and the inner four guard rows on one side of the unfertilized 
portion were used for this study of method of sampling. There was a buffer 
area of two feet at either end of each harvested row. 

Three methods of sampling were employed. In the two sets of fertilized 
rows random samples were taken in two ways: (1) separately from each 
of the four rows in each set, one sample of about 2,000 grams; (2) from 
each set, four composite samples of about 2.000 grams each, made up of 
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equal parts from each of the same four rows which were sampled sep- 
arately. In the third method the central 16 feet of each of the four un- 
fertilized rows were divided into four-foot plats and all plants in each 
plat taken as the sample. Thus there were eight random single-row sam- 
ples, eight random-composite samples, and 16 total-population samples. 
Plants were harvested with enough of the root crown to hold the 
leaves together. All samples were prepared for analysis, and moisture in 
the fresh greens was determined in the Division of Rural Home Research 
at College Station, the same procedures being used as described elsewhere.* 
All determinations of content of calcium, phosphorus, and iron in the 
dried material were made by the same person, a portion of the work hav- 
ing been done in the chemistry laboratory at Texas Technological College, 
the remainder in the home economies laboratory of the Mississippi Experi- 
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Sample | | analysis Minerals, H.O-free basis 
Weight anatpes Moisture - ~ ‘niece ieiaiidiiasiemasasaiite itl 
as Percent- | Frest in fresh 
Descrip- Row harvested | “aan | had greens Ca P Fe 
tion | No. | sample! washed | 
| gm. gm. pet. | pet. pet. ; oe m. 
z 2 2181.0 | 47.98 1048.7 91.69 2.92 .669 | 165.7 
3 | 1978.5 | 44.76 921.0 91.73 280 | .769 139.1 
Z wo 4 2220.7 52.52 1214.1 91.77 3.09 .723 149.8 
£ Ri 5 | 2055.9 45.65 889.0 91.00 2.59 744 164.5 
= Av.47.73 Av. 91.55 Av.2.85 Av..7262  |Av.154.8 
mS itl. | 5. | 19743 49.75 998.5 92.12 2.68 .730 162.1 
Zie/S}| “-% | 1987.8 50.02 1001.6 92.02 2.92 .717 150.9 
s | nm |} = a om 
= | z im 1981.8 49.27 962.7 dry wt. lost 2.90 717 157.8 
5/3) 8) 4° | 20017 38.18 899.1 92.72 2.71 | .754 145.3 
aim | Av.46.81 Av.92.29 |Ay.2.80  |Av..7295 |Av.154.0 
=/3!}_| 16 | 1878.7 58.27 1148.1 90.97 3.15 660 | 128.8 
g)/gie| 17 2134.1 66.54 1528.3 90.95 3.03 627 124.9 
ei s/2|] 18 2110.7 58.44 1343.5 91.47 3.14 | 610 148.3 
¢/ 5) 2 ; 19 2132.0 | 56.68 1329.0 90.54 3.11 | — .705 137.5 
ge; |7| Av.59.98 Av.90.98  |Av.3.11 | Av..6505 | Av. 134.9 
l= | _ | 2031.8 4941 1059.1 90.88 | 2.68 676 135.6 
e' | i 17, 9061.6 4.53 | 13024) 9153 | 283 | 675 131.3 
| | g| 2072.4 5121 1297.4 92.61 | 2.68 698 | 152.3 
| < -o | - - 
|} | 8/1829 | oi714 = 4818 =| 11562 = 91.20 | 8.58 720 | 158.2 
Bia Av.50.83 Av.91.56  |Av.2.69 | Av..6922 | Av.144.4 
| | Yield | | 
| | | 2a | 2118.4 46.09 1017.4} 91.35 2.75 | 650 122.2 
»| | | 2b | 1849.9 | | 1073.2} 90.64 2.79 643 125.6 
B | | 2¢e 1026.5 | 664.9) 91.07 3.03 631 122.1 
=| || 24 | 1479.9 | $99.8) 90.53 2.90 601 130.3 
E 2 Av.53.76 | 'Av.90.90 | Av.2.87 | Av..6313 |Av. 125.0 
w/2|e| 3a 1856.5 54.84 1064.8 90.98 2.75 637 104.2 
8/2/22] 3b 1947.9 56.51 1166.9 | 90,92 2.86 629 101.3 
Zleie| 3e 2476.5 46.42 1233.6 | 90.95 2.62 652 | 101.0 
&|/s|/3] 3a 2002.9 | 48.65 1047.1} 90,92 2.52 647 104.0 
2/2 | 2 | |Av.51.61 |Av.90.94 |Av.2.69  |Av..6413  |Av. 102.6 
6/3) 3)" 4a 2283.4 54.29 1343.4 | 91.74 | 2.62 695 | 112.2 
“| e)£] 4b 1683.6 | 51.36 | 926.5 92.10 2.63 701 | 109.6 
Siai2| 4e 2202.5 | 50.13 | 1194.0 | 91.42 2.58 .692 103.3 
S|") s| 4d 1604.1 | 52.30 906.1 | 90.87 2.78 652 115.6 
5 = | | Av.52.02 Av.91.53 | Av.2.65 — |Av..6850 |Av.110.2 
< “! Sa 1888.4 | 52.75 1050.9 | 91.20 2.99 617 | 126.9 
S 5b 2095.4 | 49.44 1129.9 | 91.73 2.85 621 | 113.0 
Se 2420.2 47.07 1187.0 91.14 2.84 634 | 113.4 
| 5d 1928.4 50.51 1001.0 90.60 2.48 657 | 116.7 
Ee — ——— ———_ | 
| |Av.49.94 |Av.91.17  |Av.2.79 | Av..6322 [Av.117.5 
As harvested. * Equal parts from each of the four rows indicated. 
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ment Station.*® Iron determinations were made by a procedure based on 
the o-phenanthroline method of Saywell and Cunningham (1937) and 
described elsewhere. For moisture, calcium, and phosphorus, methods of 
the Association of Official Agricultural Chemists (1940) were used. At 
least two determinations of moisture and of each of the three minerals 
were made on each sample, but in many instances there were from three 
to five determinations. The values for each sample for which there were 
four or more determinations were subjected to a statistical test described 
by Fales and Kenny (1939) to determine whether the value which devi- 
ated most from the others should be rejected or ineluded in the average. 
Of the calcium determinations, one rejection was made for each of four 
samples of greens and of the phosphorus, five rejections. 


RESULTS AND DISCUSSION 
A summary of the record. at harvesting and of chemical analysis is 
given (Table 1), the results of statistical analysis of the data which was 
made to determine whether method of sampling influenced the content of 
ealeium, phosphorus, and iron are presented (Tables 2 and 3). 


TABLE 2 


Zariance Analysis o otal-Population Samples 
Varian fnaly f Total-Population Sampl 


























Ca | P Fe 
Source of variance df Sum of Mean Sum of Mean Sum of Mean 
squares square squares square squa res square 
5 Sen eae nearer | 15 3941 .02627 | .011955 | .0007970 | 1373.718| 91.5812 
Between rows.......... 3 1153 .03843 .007768 | .0025893"| 1113.073 371.0243' 
Within rows............ | 12 .2788 .02323 | .004187 | .0003489 | 260.645| 21.7204 
F = 1.65 | F = 7.42 F = 17.08 





1 Highly significant. 


Two approaches were employed in the statistical treatment—analysis 
of variance of the total-population samples and test for significance of 
difference between two means applied both to the random and the total- 
population samples. In each of the two sets of random samples the mean 
value of the four single rows was compared with the mean of the corre- 
sponding four composite samples. With the total-population samples, the 
values for the four plats in each row were averaged for each mineral to 
give a mean value for the row, and every possible comparison was made 
between rows. 

The variance analysis (Table 2) shows that respecting calcium the 
variation between rows was not significantly greater than within rows: 
but respecting both phosphorus and iron, variation between rows was sig- 
nificantly greater at the one per cent level than within rows. Similarly 
(Table 3) no significant differences were found in calcium content in any 

‘Eating quality and some aspects of composition of turnip greens at successive 
stages of growth. Food Research 9, 42-55, 

* Grateful acknowledgment is made to the Mississippi Agricultural Experiment Sta- 
tion for generosity in permitting analyses in connection with this study to be made in 
its Home Economics Laboratory. 
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row vs. row comparison of the total-population samples; but there are some 
significant differences respecting phosphorus and iron. 

Row 4 with the highest content of phosphorus (0.685 per cent) among 
the total-population samples differs significantly from the other three rows; 
but no two of the other three rows, with phosphorus contents of 0.631, 
0.641, and 0.632 per cent, differ significantly. In iron content, total-popu- 
lation Row 5 (118 p.p.m.) is significantly higher than Row 3 (103 p.p.m.). 
Difference between Row 2 (125 p.p.m.) and Row 4 (110 p.p.m.) is signifi- 
cant, and between Row 2 and Row 3 highly significant. The remaining 
differences between rows are not significant. 

Among the six comparisons of random samples between single-row and 
composite samples, two each for calcium, phosphorus, and iron, the t value 
of the critical ratio was great enough to show statistically significant dif- 
ference in only one ease, the calcium in one pair of mean values of 
single-row and composite samples. 

Explanation of this one significant difference in calcium content be- 
tween comparable samples taken by different methods is thought to be 
in the difference in proportion of the original samples which was retained 
for chemical analysis (Table 1). Although the same person did all the 
preparation of samples for washing and drying, and made conscious effort 
to be consistent in the practice of discarding leaves, the difference in mean 
percentage of good leaves is 9.15 between single-row and composite sam- 
ples. Mean percentages of good leaves in the other pair of single-row and 
composite samples differ by only 0.92, and extreme difference among the 
means of rows in the total-population samples is 3.82. In the pair of means 
showing a significant difference in calcium content, the sample having the 
higher caleium content (3.10 vs. 2.69 per cent) has also a higher percent- 
age of good leaves, and thus relatively more of the outer leaves and of 
larger stems. 

That stems from these greens were probably higher in caleium than 
were the leaves is indicated by analysis of samples harvested at intervals 
from November 4 to 11, inelusive, from the guard rows five feet in length 
at the end of each of the center 10 rows of the planting. Six such samples 
separated into stems and leaves were analyzed by the same person who 
made the determinations of minerals in this study. In all pairs of sep- 
arated samples, stems were found to contain a higher pereentage of caleium 
than did the leaves, by amounts ranging from 0.17 to 0.62, the average 
difference being 0.35. Supporting evidence is also afforded by the differ- 
ence in stem and leaf portions of 10 samples of turnip greens grown in 
Norfolk, Virginia, in 1938 and analyzed in the Mississippi Experiment 
Station. In every pair of these 10 samples the percentage of caleium in 
the stems exceeded that in the leaves by amounts ranging from 0.39 to 1.02, 
and averaging 0.73. 

Although no data are available on the caleium content of inner and 
outer leaves of turnip greens, there is presumptive evidence in the findings 
for other leafy vegetables that the outer leaves of turnips may also be 
higher in calcium content. Cowell (1932) reports that outer leaves of 


®* Private communication from Miss Olive Sheets. 
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cabbage had 20 to 30 times the calcium content found in the inner leaves. 
Hsu and Adolph (1935) found two to 20 times as much calcium in the 
outer leaves as in the inner ones of 10 Chinese vegetables, including rape, 
spinach, leeks, and cabbage. Wang (1936), including rape, cabbage, spin- 
ach, and celery among 11 Chinese vegetables studied, found calcium higher 
in the outer leaves. 

It appears likely then that the statistically significant difference in the 
mean calcium content of one pair of single-row and composite-random sam- 
ples was not due to the method of sampling in the field but may have been 
due to an unintentional variation in preparation of the sample. Such a 
source of variation, unless fully controlled, might easily be the responsible 
factor for differences in mineral content attributed to other causes, such 
as season, fertilizer treatment, type of soil, or variety. 

The data indicate for phosphorus and iron content of the total-popula- 
tion samples, that the significant differences found are not due to labora- 
tory technique. The range in mean percentage of good leaves in the four 
rows is narrow (49.94 to 53.76), moisture content of fresh leaves varies still 
less (90.90 to 91.53 per cent), and duplicate analyses for iron and triplicate 
for phosphorus are in close agreement with small standard errors of mean 
and standard deviations. There are no consistent tendencies between rows 
in the significant differences found for phosphorus and iron. Row 4 
alone varies significantly from every other row in content of phosphorus. 
Whereas Row 4 is highest in phosphorus content, it holds third rank 
among the four rows in content of iron. Both Row 2 and Row 5 contained 
significantly more iron than Row 3, and Row 2 more than Row 4. These 
differences in iron and phosphorus are considered to be the result of real 
differences between the plants representing the rows involved. Its probable 
cause will be taken up later in the discussion. 

That four samples was a sufficient number in each set of the mode-of- 
sampling series is indicated by comparison of standard deviations and 
coefficients of variability with corresponding constants of the means of 
the six sets of 10 center rows’ of greens grown the same season in three 
localities of Texas—College Station, Winter Haven, and Iowa Park. The 
two sets of data presented (Table 4) are in remarkable agreement, with 
exception that coefficients of variability for phosphorus and iron in greens 
from Iowa Park are two to three times as great as for calcium in the same 
greens, whereas there are no such wide differences in the method-of-sam- 
pling series. 

Standard deviations for calcium in the method-of-sampling samples 
range from 0.054 to 0.218; among center rows from 0.104 to 0.238; simi- 
larly for coefficients of variability, from 1.75 to 7.80 compared with a 
range of 3.97 to 8.32. Respecting phosphorus, among eight standard de- 
viations in the method-of-sampling series, only two are greater than the 





* Acknowledgment is gratefully made to Dr. G. 8S. Fraps, Chief, Division of Chem- 
istry, Texas Agricultural Experiment Station, from whose laboratory the data on 
eenter-row samples have been made available; and to Mr. L. R. Hawthorn and Dr. 
B. 8S. Pickett, who grew the greens at Substation No. 19 and No. 16, respectively, 
of the Texas Agricultural Experiment Station. 
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smallest standard deviation among center-row samples (0.0425 and 0.0418 
vs. 0.0274) and similarly with coefficients of variability (5.86 and 6.43 vs. 
4.65). With iron, only two of eight standard deviations (12.71 and 12.93) 
and three coefficients of variability (8.21, 7.70, and 8.96) exceed the two 
lowest standard deviations and the smallest coefficient of variability, re- 
spectively (S.D. 10.45 and 11.02, C.V. 6.30), of center-row values. 

To account for the significant differences found in the phosphorus and 
iron contents of some of the total-population samples, the suggestion is 
offered that soil differences had more effect upon phosphorus and iron 
contents than upon ealeium, for which no significant variation was found 
in these same samples. The soil is known to be spotted in character and 
an old ‘‘dead furrow’’ passed through the corner of planting containing 
the guard rows from which the total-population samples came. That por- 
tion of the planting exhibited the most uneven growth. The figures for 
yield (Table 1) are evidence of uneven growth. Association of uneven 
growth with greater variability in content of phosphorus and iron than in 
ealeium was found with the turnip greens grown at Iowa Park. There, 
two unfertilized plantings of 10 rows each yielded from 10 feet of each 
of the rows, amounts ranging from 895 to 2,685 grams in one planting and 
from 520 to 2,534 grams in the other. Coefficients of variability were 13.58 
and 17.59 for phosphorus, and for iron 16.52 and 17.79, compared with 
6.69 and 8.32 for calcium in the same greens. While the samples in this 
study of method of sampling do not show commensurate differences in 
coefficients of variability as between phosphorus and iron vs. calcium, it 
may nevertheless be that variation in character of the soil was an impor- 
tant factor in producing the differences in phosphorus and iron contents. 
Unfortunately soil analyses were not made at the time nor could that be 
done later. Hence the relationship suggested between soil character and 
variation in phosphorus and iron contents of the greens can be only a 
speculation. 

In view of the foregoing observations, the authors are of the opinion 
that the significant but inconsistent differences found in the phosphorus 
and iron contents of the total-population samples is not due to the tech- 
nique involved in sampling. 

To determine the approximate content of calcium, phosphorus, and 
iron in turnip greens, the two randomizing procedures appear equally 
satisfactory where no more than four rows of 10 to 16 feet are to be 
sampled. However, if a larger number of rows are included in the experi- 
ment, four composite-random samples of 1,500 to 2,000 grams composed 
of equal portions from the several rows obviously would. be more economical 
than random samples from*each row separately, and in all likelihood the 
four composite-random samples would be representative. On the basis of 
standard error of the mean and standard deviation, total-population sam- 
ples from four-foot plats were as good as those from lengths of 10 feet to 
use as material for mineral analysis (Table 4). Assuming comparable 
vield per foot, the four-foot length would be the more economical in time 
and labor to prepare the material for analysis. The shorter length plat as 
source of a total-population sample would not be a factor of economy, 
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however, if more than four rows are to be sampled. Composite-random 
samples would then be the better choice. 


SUMMARY AND CONCLUSIONS 

Three methods of sampling have been used for harvesting turnip greens 
-random from single 16-foot rows, composite-random from the same rows, 
and total-population from 16-foot rows each divided into four plats. Sam- 
ples consisted of 1,500 to 2,000 grams each. Two sets of four rows each 
provided the random samples; from each set, four single-row and four 
composite were taken, a total of 16 samples. For the total-population 
samples four rows of four plats each were used to supply 16 samples. 
Moisture in the fresh greens and ealcium, phosphorus, and iron in the 
dried material were determined. 

Mean values of four samples from each method of sampling gave ac- 
ceptably low standard errors and standard deviations in comparison with 
total population from 10-foot rows. With ealecium only one significant 
difference was found between comparable samples, which were one pair 
of single-row and composite-random samples. The explanation offered is 
the higher proportion of outer leaves in the single-row sample, which was 
higher in calcium, than in the composite. Significant differences in phos- 
phorus and iron contents were found in only part of the total-population 
samples. One row was significantly higher in phosphorus than the other 
three which did not differ significantly among themselves. Three signifi- 
cant differences were found among six row vs. row comparisons of iron in 
total-population samples. All rows were involved in these differences. The 
rows ranked in an entirely different order in mean content of iron than 
in phosphorus; the row of highest value in phosphorus held third place in 
iron. The possibility is suggested that variation in soil was responsible for 
the inconsistent differences in phosphorus and iron. 

The findings in this study point to the economy of time and labor in 
the use of no more than four random-composite samples taken from several 
rows to determine the approximate composition of greens, provided ex- 
perimental design, sufficient homogeneity of the soil, and uniformity of 
cultural treatment permit. 


REFERENCES 

Association of Official Agricultural Chemists, 1940. Official and Tentative Methods of 
Analysis. Fifth ed. 

CowELL, S. J., 1932. A note on the calcium content of cabbage. Biochem. J. 26, 1422- 
1423. 

Fates, H. A., AND Kenny, F., 1939. Inorganic Quantitative Analysis. Pages 58-59. 
D. Appleton-Century Co., New York. 

Hsu, P. C., anp ApoLPH, W. H., 1935. On the distribution of calcium in leafy vegetables. 
Chinese Med. J. 49, 325-327. 

SAYWELL, L. G., AND CUNNINGHAM, B. B., 1937. Determination of iron by the colorimet- 
ric o-phenanthroline method. Ind. Eng. Chem., Anal. Ed. 9, 67-69. 

Wana, C. F., 1936. The distribution of calcium, phosphorus, and iron in leafy vegetables. 

Chinese J. Physiol. 10, 651-655. 










































EFFECT OF FREEZING ON UTILIZATION OF 
CANNED FOODS 


H. R. SMITH 
Washington Research Laboratory, National Canners Association, 





AND 2 
KATHERINE R. SMITH 


Home Economics Division, National Canners Association, 
Washington, D. C. 


(Received for publication, July 10, 1943) 





To obtain information on changes that may occur in eanned foods i 
F when they are frozen through exposure to severe winter temperatures, 
the writers conducted a series of tests on 35 canned products packed in 
tin containers. All cans were of normal commercial fill and so selected 
as to represent a broad range of differences in physical form and texture 
that might be affected by freezing. The work was designed to include and 
facilitate observations on the following points: 
1. Appearance of the frozen cans. 
2. Possible loss of vacuum indicating leakage owing to freezing. 
3. Change in drained weight. 
4. Change in appearance after slow thawing. 
5. Change in appearance after quick thawing. 
6. Change in appearance after slow thawing and cooking. 
7. Change in appearance after quick thawing and cooking. 4 
8. Change in cooking properties. 
9. Change in the inside or outside of the container. , 
FOODS INCLUDED IN STUDY 
Vegetables Miscellaneous 
Asparagus Pumpkin Salmon Milk 
Wax beans Spinach Sardines, Maine Strained spinach 
Lima beans Sweet potatoes Sardines (pilechards) Tomato soup 
Beets Tomatoes Shrimp Vegetable soup 
Carrots se Herring roe Clam chowder 
Whole grain corn Fruits Potted meat 
Cream style corn Boysenberries _ Army Ration M1, beans and meat 
Whole grain vacuum Red tart pitted cherries 4 rmy Ration M2, corn beef hash 
pack corn vue cocktail Army Ration M3, vegetable stew 
Alaska peas ana 
Sweet peas Pears ; 
Pineapple 
Fresh prunes (plums) | 
‘ 
EXPERIMENTAL PROCEDURE ‘ 
Nine cans from a single lot of each product were obtained and stored ( 
at about 29°C.(85°F.) overnight. The ‘‘flip vacuum’’ of each can was ( 
determined and recorded. Three cans of each were held at room tempera- 
ture for controls. Six cans of each product were frozen solid by placing 
them in a refrigeration room held at about —18°C.(0°F.) for seven days. 
Four frozen cans of each product were then taken out of the freezer and r 
allowed to thaw at room temperature. Two of these thawed cans were ] 


returned to the freezer and left for an additional seven-day period. 
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In order to make critical comparisons, all of the nine cans of each 
product were examined at the same time. The two cans that had been 
frozen twice were removed from the freezer 24 hours before the test was 
to be made and allowed to thaw. The ‘‘flip vacuum’’ at 85°F. of the two 
cans frozen once and the two cans frozen twice was then determined. (See 
page 74 for explanation of this test.) The two remaining frozen cans 
were taken direct from the refrigeration room for examination. 


The external condition of the frozen cans was observed and compared 
with the control cans and those that had been frozen and thawed. 

In the examination of the contents each of the three control cans, the 
two cans frozen once, and the two cans frozen twice were emptied into sep- 
arate pans. Texture, color, separation of liquid, flavor, and general appear- 
ance were noted. In each ease the contents of the cans that had been frozen 
were compared directly with the control cans. On those products where 
freezing might cause change in the proportion of liquids and solids the 
drained weight was determined by draining the contents on an eight-inch 
screen for two minutes in the usual way. The volume of drained solid and 
of liquid was measured separately in standard measuring cups. 

The cans that were taken directly from the freezer and brought for 
test examination were treated in several ways in order to suggest means 
for using cans that were frozen solid. Cans were allowed to thaw at room 
temperature for a short time, immersed in hot water for varying times, ete. 

Those foods which are usually served hot were heated in a saucepan. 
The method used was kept as simple as possible to hold to a minimum the 
effect of factors other than freezing. Vegetables, soups, and strained foods 
were emptied into saucepans (no seasonings were added) and heated to 
boiling. The heat was then reduced and the food simmered two minutes 
to heat through the solid portion. 

Evaporated milk was used in coffee and cocoa and also made into a 
cream sauce. Red tart pitted cherries and pumpkin were made into pies. 

Fish, sea food, and all of the fruits, except red tart pitted cherries, 
were examined and sampled as they came from the can without being 
heated. 

The cans were rinsed and examined both externally and internally for 
possible changes brought about by freezing. 


RESULTS OBTAINED 


The analytical data obtained in the examination of the samples are 
presented (Table 1); in this table the terms ‘‘very slight,’’ ‘‘slight,’’ and 
‘‘noticeable’’ are used to indicate varying degrees of change. As so used, 
‘‘very slight’’ means detectable only by direct comparison with the control 
cans; ‘‘slight’’ means perceptible to a close observer; ‘‘noticeable’’ means 
easily perceptible variation from normal condition. 

Most cans containing foods that have frozen will have both ends slightly 
bulged. This is due to the expansion of the contents on freezing. On thaw- 
ing, the ends return to their normal position. Cans containing foods such 
as salmon or vacuum-packed whole kernel corn, which contain little free 
liquid, will usually not have either end bulged on freezing. 
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None of the cans examined showed evidence of leakage or serious strain- 
ing of the seams. The vacuum after freezing and thawing is practically the 
same as before freezing. 

The ‘‘flip vacuum”’ test is a method of measuring at different times 
relative changes in the degree of vacuum within the ean. A special plate 
with rubber gasket and a valve attachment is used to produce any desired 
degree of vacuum outside of one end of the ean. When this vacuum out- 
side overcomes the vacuum inside plus the rigidity of the metal in that 
ean end, the end snaps from the concave to the convex position and this 
‘*flip’’ is used as an indication of the degree of vacuum in the ean. Change 
in the gas pressure inside the can is revealed by any change in the ‘‘flip 
vacuum’”’ results. The inches of vacuum indicated by this test will be higher 
than the actual vacuum within the can because of the rigidity of the metal 
in the ean end. 

Certain products showed some loss of drained weight brought about 
by freezing. This is apparently due to a weakening of the structure of 
certain parts of the plant. The most conspicuous example was canned 
asparagus, the structure of the stalks of which was weakened to such an 
extent that the liquid drained away from the stalks and left a soft fibrous 
mass with a shrunken appearance. The drained weight of the frozen sam- 
ple was considerably less than that of the control sample. Less noticeable 
was the change brought about in canned tomatoes and canned wax beans. 

This weakening of the structure of vegetable fibers brought about by 
freezing has been observed previously by different research workers con- 
nected with the frozen-food industry. A book by Tressler and Evers, 
‘“The Freezing Preservation of Fruits, Fruit Juices, and Vegetables’’ (Avi 
Publishing Co., New York, N. Y.), gives on page 75 an excellent summary 
of these changes, which are said to be due to the breaking down of the 
contents of the cells which formerly gave support to their walls. A notice- 
able amount of cellular breakdown in asparagus that has been frozen is 
discussed and pictured in an article by Cox and MeMasters, ‘‘ Microscopic 
Studies of Tissue of Frozen Fruits and Vegetables’’ (Food Research 7, 
135-139). 

Attempts to use solidly frozen eans of food were not successful. It was 
very difficult to open the cans and the contents could not be- removed while 
frozen. 

Immersing the frozen ean in a pan of hot water for 15 minutes thawed 
the outside of the mass sufficiently to permit opening the can and removing 
the contents. Allowing the frozen cans to stand at room temperature for 
two hours brought about a similar partial thawing. Attempts to use partly 
thawed products without heating resulted in some tearing of the pieces of 
food. Most products that were served hot could be heated in the usual 
way. Asparagus and tomatoes broke up on heating; this affeeted appear- 
ance but not flavor. Wherever possible the frozen cans of food should be 
thawed slowly by letting them stand at room temperature overnight. 

The most noticeable change owing to freezing was that produced in 
eanned foods containing large proportions of cooked starch; for example. 
Army Ration M2 (corned beef hash), cream style corn, and concentrated 
soups. Freezing changed the physical nature of the cooked starch com- 
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pletely. Instead of a thick, viscous mass it became spongy and granular, 
and a clear liquid separated quickly from the mass on standing in a pan. 
The sensation to the taste was strange and unpleasant. Remarkably, how- 
ever, the original characteristics of the cooked starch were completely 
restored when the material that had been frozen was heated in an open 
pan. As soon as the material was heated through, the original texture was 
restored. Storage of the frozen and thawed cans for two months at 36.7°C. 
(98°F.) did not restore the original texture of the cooked starch. 

There was no change at all in the appearance of che inside or outside 
of the containers owing to freezing. (Sweating of the cans and labels when 
brought from the freezing room has been disregarded in these tests. ) 


SUMMARY 

The effect of freezing on the utilization of a number of canned foods 
has been studied. Frozen canned foods should be allowed to thaw gradu- 
ally and used in the usual manner. Canned foods containing cooked starch 
show a difference in texture due to freezing but this entirely disappears on 
heating the contents for serving. A few of the products studied show some 
softening of the tissues. The ends of most solidly frozen eans will be 
slightly bulged due to expansion of the contents but this bulge disappears 
when the contents are thawed. 








ASCORBIC ACID VALUE OF THE SWEET POTATO AS AFFECTED 
BY VARIETY, STORAGE, AND COOKING * 


MARTHA E. HOLLINGER®” 
Nutrition Research Laboratories, Louisiana State University Agricultural 
Experiment Station, Baton Rouge, Louisiana 


: (Received for publication, July 9, 1943) 


The objects of this study have been (1) to determine the significance 
of the sweet potato as a source of ascorbic acid; (2) to determine the 
effect of storage upon ascorbic acid value; (3) to determine the ascorbic 
acid value of one standard variety of sweet potatoes when cooked by 
accepted methods; and (4) to determine varietal differences in ascorbic 
acid value so that breeding stock and new varieties can be selected with 
ascorbic acid value as one of the criteria of the desirability of a variety. 

Burrell and Ebright (1940) report a value of 0.326 milligram ascorbic 
acid per gram for Jersey sweet potatoes, the results based on two samples 
of potatoes from the market. The season when the determinations were 
made is not stated. Floyd and Fraps (1939) report an average ascorbic 
acid value of 0.203 milligram per gram for Porto Rico sweet potatoes with 
values for three samples which ranged from 0.154 to 0.259 milligram per 
gram. Again, the season is not stated. Richardson and Mayfield (1941) 
report a value of 0.211 milligram of ascorbic acid per gram for cooked 
sweet potatoes. No statement is made concerning the variety. These au- 
thors also list sweet potatoes as good sources of vitamin C wher considered 
in relation to cost. Newton and Lowry (1937), using the bioassay method, 
found that Porto Rico sweet potatoes contained slightly less than 0.2 Sher- 
man unit of vitamin C per gram (corresponding to 0.10 to 0.15 milligram 
per gram) when fed raw or boiled, and that several months’ storage had 
no appreciable effect on this value. Baked sweet potatoes were found by 
these authors to be approximately two-thirds as rich in vitamin C content 
as raw or boiled. 

Scoular and Eakle (1943) found that unpeeled Unit I Porto Rico sweet 
potatoes had ascorbie acid values ranging from 0.032 milligram per gram 
at the root end to 0.095 milligram per gram at the stem end. These authors 
report average ascorbic acid values for different varieties which had been 
stored six months at 10°C.(50°F.), ranging from 0.011 milligram per 
gram for Unit I Porto Rico to 0.027 milligram per gram for the Old Porto 
Rico variety.* Changes in ascorbic acid value owing to cooking in their 
study ranged from an average loss of 85 per cent by baking the Nancy 
Hall variety to an average gain of 345 per cent by boiling the same variety. 
Candied sweet potatoes showed an average increase of 108 per cent. 

The results of all authors except the last named indicate that the sweet 
potato may be of considerable significance as a source of ascorbic acid in 

* Approved for publication by the director of the Louisiana Agricultural Experiment 
Station. 

* Associate in Nutrition Research. 

* Recaleulated from the author’s tables. 
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southern diets. The study of Scoular and Eakle (1943) suggests the need 
of more work in regard to the effect of storage conditions and of cooking 
| upon the ascorbic acid value of this vegetable. 


EXPERIMENTAL PROCEDURE 

During the fall to spring season of 1941-42, the ascorbie acid value of 
two standard varieties and a number of hybrid varieties of sweet potatoes 
grown at Louisiana State University Agricultural Experiment Station, 
saton Rouge, Louisiana, were determined at approximately two-month 
intervals to determine varietal differences and the effect of storage. Dur- 
ing this season, comparisons were made on the basis of the average of 
values obtained from sampling each of three to five potatoes. separate 
determinations being made in duplicate on each potato. It was found that 
there was a wide variation between individual potatoes of the same variety 
at the same season; representative figures showing values for individual 
potatoes are shown (Table 1). Two varieties showed apparent increases in 


TABLE 1 


Ascorbie Acid Value’ of Individual Sweet Potatoes, January, 1942 























Unit I Porto Rico Triumph 
.180 .106 
.188 158 
215 .183 
.220 .168 
172 A157 
Average 195 154 
' Expressed in milligrams per gram. 





their ascorbie acid content after two months of storage. It was decided, 
therefore, to repeat the experiment the following year, sampling 10 pota- 
toes from each variety and, to save time, to make determinations on a 
composite sample of five potatoes at a time. 

In the beginning phase of the work it was found that the proximal end 
and the distal end of sweet potatoes had very different ascorbie acid val- 
ues. On one potato a cireular slice from the proximal end was found to 
contain 0.211 milligram per gram, while a similar slice from the distal 
end was found to contain 0.170 milligram per gram. 

The pared portion of two samples was found to have an ascorbie acid 
value approximately 50 times that of a thin paring from the same raw 
potato. It was finally decided to use 25-gram samples in the form of a 
wedge-shaped slice from end to end of each potato. In order to avoid varia- 
tions owing to difference in the thickness of parings and greater losses 
in handling owing to exposure of cut surfaces to air, the potatoes were not 
pared. Samples were placed in a Waring blender and ground for three 
minutes in a three-per cent metaphosphoric acid solution under carbon 
dioxide and transferred to a one-liter volumetric flask. Similar samples 
from four additional potatoes were ground in the same manner and added 
to the flask. The blender bowl and lid were then rinsed into the flask and 
the whole made up to volume and thoroughly mixed. A duplicate com- 
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posite sample was made by taking similar slices from the opposite sides 
of the same potatoes. Portions from each composite sample were centri- 
fuged and titrated in the usual manner with 2,6-dichlorophenolindophenol 
solution which was standardized each day against pure ascorbic acid. 

In the beginning of this study, hydrogen sulfide regeneration was ear- 
ried out on each sample to determine the reversibly oxidized ascorbic acid 
present. A suitable aliquot was buffered to a pH of 3.7 and treated with 
hydrogen sulfide for 15 minutes, followed by carbon dioxide for three to 
four hours. The reducing value of these samples was invariably from 10 
to 15 per cent greater than that for samples not treated with hydrogen 
sulfide, even when freshly harvested sweet potatoes, ground under earbon 
dioxide, were used. Cooked sweet potatoes never showed this increase in 
reducing value after treatment with hydrogen sulfide. The determination 
of dehydroascorbie acid was discontinued as it was felt the increase in 
reducing value after hydrogen sulfide treatment was due to substances 
other than dehydroascorbie acid. The results on long-stored samples, how- 
ever probably do not represent the entire antiscorbutie value of the sweet 
potatoes. 

TABLE 2 
Ascorbie Acid Value’ of Sweet Potatoes as Affected by 
Variety and Storage, 1942-43 
































Variety a January March May Loss 

pet. 

DRE TE ORGG TIO. ses ccosscocssonsetesenssvesess 265 213 -203 191 27.9 

PN SR cisescesassecratavcivasctceccndervommnnane C.J a .246 .203 30.0 

MRS csiicccndsssvspiarsancccoevcetcnncnsiiewninced 285 .169 ae Ok * emis 29.4 

Pe iakcansivisduecsudesorn seamiveaivesccuseonisecwacest . ne .209 .189 37.6 

1 x 6—39-10 ? .327 221 -209 197 39.8 

Ne restcs to isiersvccitsnninccosesiometsescel —— © wee EF wees § ase FT eee 
ee wes secctcsnceessinecersiseesemseed ' fe” ee ee oe 








1 Expressed in milligrams per gram. ?L.S.U. Experiment Station seedlings derived from crosses 
between the Porto Rico and Nancy Hall varieties. 


Variety and Storage Studies: Beginning October 8, 1942, four stand- 
ard varieties of sweet potatoes and some seedling varieties were sampled 
as rapidly as possible at approximately two-month intervals, sampling 
as described above. The sweet potatoes were stored in a room where tem- 
perature varied from 10 to 26.7°C.(50 to 80°F.). This corresponds to 
common farm practice. The potatoes showed some sprouting at the second 
period of sampling and increasing amounts with each later sampling but 
were in good edible condition at the end of the season. All varieties de- 
ereased gradually in ascorbic acid value in storage, the greatest losses 
occurring during the first two-months period. The varieties showing the 
highest ascorbic acid content lost a higher percentage of their original 
ascorbic acid content so that, at the end of the storage period, varietal 
differences became less significant (Table 2). 

The Nancy Hall variety and a U. 8. Department of Agriculture variety, 
designated as Introduction No. 47442, gave significantly higher values 
early in the season. Certain other varieties produced by crossing one of 
these with the Porto Rico variety gave high values at this time. It would 
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seem, therefore, that it is feasible to produce new varieties of high ascorbic 
acid content by selecting parent stock of high value in this respect. 


Cooking Studies: Results on cooking losses are based on samples of 
Unit I Porto Rico sweet potatoes cooked during January and February of 
1943. At this season the use of sweet potatoes is at its peak, as indicated 
by the extent of shipping. 

Boiling and Pressure Cooking: In view of the variation in ascorbic 
acid value of individual potatoes, care was taken to use comparable samples 
for comparison on the cooked and on the raw basis. When portions of 
pared potato were boiled, ‘‘candied,’’ or cooked in the pressure saucepan, 
two 25-gram portions of the same end of the same potato were analyzed 
for ascorbic acid in the raw state. Results of cooking losses were based on 
the average of four portions cooked separately. In the boiling of pared 
potatoes each 25-gram sample was cooked separately in a glass beaker using 
100 cubic centimeters of distilled water. The weighed sample was dropped 
into rapidly boiling water, covered with a watch glass, and the flame low- 
ered to a point where the water boiled gently. It was found necessary to 
cook the potato 20 minutes. This gave a product which held its shape well 
and was sufficiently soft. 


< 


The same method was used for sampling and for cooking ‘‘candied’’ 
sweet potatoes, except that 25 grams of sugar was dissolved in the cook- 
ing water before adding the potato. In each case the cooked potato was 
dropped immediately into cold three-per cent metaphosphorie acid solution, 
ground in a blender under carbon dioxide, and made up to 250 ¢.c. in a 
volumetric flask. The cooking water was cooled by setting the beaker in 
cold water, three grams of dissolved metaphosphorie acid was added, and 
the solution was made up to 100 ¢.c. in a volumetric flask. 

In cooking with steam pressure a three-quart aluminum pressure sauce- 
pan was used. The cooking temperature was regulated by means of a 
thermometer inserted through a rubber stopper in the opening left by 
removing the safety stopper. By preliminary tests it was found that 
cooking for five and one-half minutes at 117°C.(242.6°F.) was necessary 
to soften 25-gram pieces without causing the pieces to fall apart. Each 
sample was cooked separately by laying it on a watch glass placed on a 
wire rack in the pressure saucepan. At the end of the cooking period the 
pressure saucepan was set in a pan of cold water to reduce pressure rap- 
idly, the cooker opened quickly, and the cooked sample transferred imme- 
diately to cold metaphosphorie acid solution. All cooked samples were 
ground in the blender under carbon dioxide and made up to suitable vol- 
ume with three-per cent metaphosphorie acid solution. 

Pressure cooking proved to be the best method of cooking from the 
standpoint of retention of ascorbic acid in the cooked potato, 83 per cent 
of the original ascorbic acid being present. Boiling for 20 minutes in 
25-gram pieces proved the least advantageous of all the methods used, as 
only 69 per cent of the original aseorbie acid was found in the potato 
while 19 per cent was found in the cooking water. The addition of sugar 
as in eandying seemed to have a slight advantage as 74 per cent of the 
original ascorbie acid was retained in the samples cooked by this method. 
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Baking and Boiling Whole: For baking and boiling, whole, uniform- 
sized potatoes were used without paring. Potatoes were baked for 45 
minutes at 190.6°C.(375°F.). This time and temperature softened the 
potatoes throughout without excessive browning of the surface. The sam- 
ples boiled whole were put into a large beaker containing enough boiling 
distilled water to keep them covered and boiled gently for 40 minutes. 
The baked or boiled potatoes were cooled on a wire rack at room temper- 
ature until cold enough to handle easily, and sampled by the method used 
for sampling the raw potatoes for variety and storage studies. The figures 
on ascorbic acid losses are based on the average ascorbic acid value of 10 
cooked potatoes as compared with the value of 10 raw potatoes determined 
the day before. The baked potatoes were weighed before and after baking. 
The ascorbic acid value of the baked sweet potato was 0.216 milligram per 


TABLE 3 
Losses of Ascorbic Acid Owing to Cooking Porto Rico Sweet Potatoes 






























Ascorbic acid 
Method of cooking Cooking , Found in 
time Retained cooking | Destroyed 
mn potato water 
min. pet. pet. pet. 
25-gram pieces in 100 €.c. WateT.............scccccccccccsceees 20 69.2 19.2 11.6 
25-gram pieces in 100 ¢.c. water + 25 gm.............. 22 73.7 15.2 11.1 
Pressure saucepan at 117°C. (242.6°F.), 
I sss scicsssncinscscensissvessscsnsancecoocsseewsesente 5% a ren 16.6 
on 45 i le a Marne 
Boiled whole in Skin3...........sssssssssssssssessssecssescsneesseeees | 85 se ee 





1 Calculated on cooked weight of entire lot as compared with raw weight. 


gram or 87 per cent. of the original value of 0.248 milligram per gram. As 
the loss in weight during baking was considerable, results were recaleu- 
lated and expressed (Table 3) on the basis of the raw weight of each lot 
of potatoes. When moisture loss on the whole sample was considered, only 
76 per cent of the original ascorbic acid was found to be present. Potatoes 
boiled whole for 40 minutes in water to cover, showed an ascorbic acid 
value of 75 per cent of that of the raw potatoes which were analyzed at 
the same time (Table 3). 
DISCUSSION 

The results of this study are in harmony with those of other workers 
with the exception of Seoular and Eakle (1943), who report considerably 
lower values. The storage temperature for their samples was lower than for 
those reported in this study, 10°C.(50°F.) as compared with 15.6 to 26.7°C. 
(60 to 80°F.). In a personal communication the senior author (1943) of 
the above paper states, ‘‘ a commercial storage plant was used, and 
we had no means of knowing that the temperature quoted us was the 
actual temperature at which our sweet potatoes were stored.’’ She further 
states, ‘*. .. our samples all showed sprouting and other deterioration. In 
some cases, over 50 per cent of the stored samples were decomposed.’’ It 
would seem that the storage temperature on their samples may at times 
have been low enough to cause damage. It has been shown by Kimbrough 
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and Bell (1942) that a structural breakdown accompanied by changes in 
flavor and color occur when sweet potatoes are subjected to a temperature 
of 4.4°C.(40°F.) or below. It is altogether likely that decrease in ascorbie 
acid content may occur as well. Other possible factors which may have 
contributed to such a wide discrepancy in results include differences in 
soil and climatic conditions under which the products were grown, varie- 
ties of potatoes tested, and difference in the method of sampling. There 
is undoubtedly need for further study on the effect of soil and climatic 
conditions and also the effect of storage temperature on the ascorbic acid 
value of common foods. Until such data is available the reasons for such 
discrepancies can only be surmised. 

The results of cooking in the study of Seoular and Eakle also differ 
considerably from those obtained by the author. The use of the mechanical 
blender in the author’s laboratory may have resulted in more complete 
extraction of the vitamin from the raw samples than was obtained by 
Scoular and Eakle whose samples were ground by means of the mortar 
and pestle. In addition different acid solutions were used for extraction 
by the two laboratories as Scoular and Eakle (1943) state that they fol- 
lowed the method of Mack and Tressler as modified by Bessey and King 
(1933). Reference to this method shows the use of hot eight-per cent acetic 
acid for extraction of vegetable samples. Either one of these two differ- 
ences in procedure or a combination of both could account for low ascorbic 
acid values on the raw potatoes and consequent apparent increases of 
that value on cooking. Other factors which may have contributed to 
differences in the results of the two laboratories are a difference in the 
methods of sampling and the very different ascorbic acid content of the 
sweet potatoes used in the two studies. 


SUMMARY 

Sweet potatoes are a good source of ascorbie acid, and may be an im- 
portant source of this vitamin in the diet of the South because of the 
quantities produced and consumed. Values during the first month after 
harvest ranged from 0.235 milligram per gram for the Triumph variety 
to 0.333 milligram per gram for the Naney Hall variety. 

The ascorbie acid content of sweet potatoes is a variety characteristic 
worthy of consideration in breeding. 

Losses ranging from 28 to 40 per cent occur after long storage at 15.6 
to 26.7°C.(60 to 80°F.). Varietal differences tend to become less signifi- 
cant after storage. After seven months’ storage, values ranged from 0.166 
milligram per gram for the Triumph variety to 0.203 milligram per gram 
for the Naney Hall variety. 

From 69 to 83 per cent of the original ascorbie acid value of sweet 
potatoes was found in the potato after cooking by accepted methods. 

Losses owing to solution in cooking water were more significant than 
losses owing to heat destruetion when boiling sweet potatoes in water. 
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Methods of determining the strength of gelatinized starches have been 
described by Woodruff and MacMasters (1938) and Knowles and Harris 
(1943). Starch gels prepared from different strains of Illinois-grown corn 
were found to differ significantly by Woodruff and MaecMasters. Knowles 
and Harris showed variability in starch gel strength when wheats from 
different classes were compared, although definite differences among hard 
red spring wheat varieties were not found. These workers applied the 
‘tenderness tester,’’ developed by Binnington, Johannson, and Geddes 
(1939), to the determination of wheat-starch gel strength. This is appar- 
ently a somewhat more sensitive apparatus than the Tarr and Baker jelly 
tester used by Woodruff and MacMasters (1938), as they found it impos- 
sible to evaluate wheat-starch gel strength with this equipment. 

The investigation described in the present paper is a continuation of 
the work previously carried out at the North Dakota Experiment Station. 
The equipment described by Harris and Knowles (1940) and Knowles and 
Harris (1943) was -used and the methods were essentially the same, with 
the exception that a fermentation cabinet with temperature and humidity 
control was employed to maintain constant temperature and humidity con- 
ditions while the starch was cooling and hardening. 


EXPERIMENTAL PROCEDURE 

Thirty-two samples of starch were prepared from experimentally 
milled, straight-grade, hard red spring wheat flours of approximately 70 
per cent extraction and used in this study. The wheats were grown in 
1942 at four stations situated at the following locations in the state: Fargo 
in the southeastern portion, Langdon in the northeastern, and Dickinson 
and Williston in the western half, Williston being the more northerly of 
the two by a considerable distance. The wheats were sound and free from 
damage of any kind. The varieties are representative of those being grown 
in the state, with the exception of two which are now under test for later 
commercial release. These varieties have not been named and are desig- 
nated by number. Significant differences in mixogram properties among 
these varieties have been found by Harris and associates*; but it is im- 
probable that mixing behavior is related to starch characteristics, inas- 
much as the gluten has been found to carry the varietal mixing pattern, 
Swanson and Andrews (1943); Harris et al.? 


* Published with the approval of the director of the North Dakota Agricultural Ex- 
periment Station. 


? Data being prepared for publication. 
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The starches were prepared by methods already described by Harris 
and Knowles (1940) and Harris and Sibbitt (1941); no reagent other 
than 0.1 per cent sodium phosphate at a pH of 6.8 was employed in the 
preparation. The starches were not washed, but after centrifugation in 
an International Type SB centrifuge were dried on plates at 32.2°C. 
(90° F.) for approximately 15 hours, with fanning. Drying was facili- 
tated by turning the starches two or three times with a spatula and break- 
ing up any lumps formed during drying. The dried starch, at a moisture 
eontent of approximately 11 per cent, was passed once through a motor- 
driven Areade coffee mill and analyzed for moisture and nitrogen content. 
The moisture was determined in an electric drying oven for one hour at 
130°C.(266°F.) + two degrees C. Nitrogen was found by the Kjeldahl- 
Gunning procedure. 

The gelatinization was accomplished by heating a six-per cent (dry 
basis) starch suspension to 95°C.(203°F.) in a constant-temperature bath 
held at 120°C.(248°F.). Distilled water at laboratory temperature was 
used. This was added in a stream from a pipette to the starch contained 
in a 200-ml. Erlenmeyer flask with a swirling motion to prevent lumps 
from forming. The flask and contents were also shaken with a rotary 
motion during gelatinization. About seven minutes were required to bring 
the starch suspension to the desired temperature. 

Following gelatinization the starch was poured into petri dishes of 
uniform size, 75 mm. in diameter and 10 mm. in depth, and allowed to 
stand at least 20 hours at 30°C.(86°F.) and 73 per cent relative humidity 
in the cabinet. The following morning the tenderness curves were obtained 
by the method described by Knowles and Harris (1943). Nine replications 
were made on each individual starch, and if results appeared to be unusual 
further tests were made. 

Baking determinations were run on the flours using the malt-phosphate- 
bromate * method with three-hour fermentation. One hundred grams of 
flour was used in each mixing. The different starches were also blended 
with a common gluten menstruum and baked according to the method out- 
lined by Harris and Sibbitt (1941) at a uniform protein level of 13.5 per 
cent (13.5 per cent moisture basis). The baking formula was the malt- 
phosphate-bromate as before with seven per cent sugar. A micro-baking 
method using 25 grams of flour was employed in these blend bakings. The 
milling was done on a three-stand Allis-Chalmers mill at a room tempera- 
ture of 21.1°C.(70°F.) and relative humidity of approximately 75 per 
cent, using the flow sheet described by Sibbitt, Scott, and Harris (1948). 


DISCUSSION 
Comparative quality data secured from the wheats with varietal desig- 
nations and starch gel strengths are shown (Table 1). Wheat- protein 
content varies from 12.4 to 15.7 per cent, a range of 3.3 per cent, while 
flour protein ranges from 11.7 to 15 per cent, a difference of 3.3 per cent. 
* This formula contains in addition to flour, water, yeast, salt, and sugar, 0.3 per 
cent high diastatic malt, 0.1 per cent ammonium phosphate, and 0.001 per cent potassium 
bromate. 
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Sample Variety = es soatiiacas Loaf Gel ? Loaf * 
No. . Wheat Flour volume strength volume 
FARGO 
pet. pet. Cu sec C.¢. 
ee ikistciniiteieges Thatcher 14.2 13.6 715 47 125 
ERIS Rival 14.6 13.5 625 48 115 
ces eee Pilot B 14.7 13.4 | 655 59 135 
Re Vesta 14.2 13.5 | 615 70 130 
De isichicisuncitcoicoleentceal Renown 15.5 14.1 690 39 140 
Nese een Regent 15.3 | 143 730 50 140 
ESE, Ee, 2822 15.7 14.7 735 67 135 
Oa ae RSET 2829 14.8 | 138.5 710 38 135 
DICKINSON 
Ee | Thateher 12.7 11.8 575 41 150 
301... Rival 13.4 12.4 585 40 155 
303. Pilot B 13.1 11.7 600 50 160 
305 Vesta 12.4 12.0 565 50 140 
308 Renown 13.5 12.8 630 43 150 
309 Regent 13.6 | 12.9 655 43 135 
321 2822 13.9 12.9 640 47 115 
__ TORIES | 9829 13.2 12.3 610 37 115 
LANGDON 
42-325 Thatcher 13.7 12.8 680 33 125 
326. Rival 14.5 233 | 39 35 110 
328. Pilot B 14.2 12.9 | 680 45 125 
330. Vesta 14.4 13.1 | 655 46 115 
332. Renown 15.0 13.8 | 735 29 125 
333. Regent 15.1 14.2 | 770 43 130 
339. 2822 | wey | 187 | Ves 43 110 
340 2829 | 14.6 | 13.3 | 645 39 120 
WILLISTON 
<2 RS ee | Thatcher 14.9 13.8 | 600 43 | 110 
Cotes ene | Rival 13.9 12.9 | 605 35 125 
TETAS | Pilot B 14.7 13.5 | 655 45 120 
ENTE | Vesta 15.3 13.9 | 600 53 125 
see ee | Renown 15.6 14.5 | 680 43 130 
—__ eee | Regent 15.7 15.0 | 695 38 130 
a eee | 9g29 15.2 13.8 | 675 50 115 
en | 9829 14.5 12.9 635 35 110 





1 Expressed on 


13.5 per cent moisture basis. 
seconds required to break the surface of the starch gel 


2Gel strength is measured by the number of 


® Obtained from baking 25-gram blends of 


different starches with a constant gluten substrate at a uniform protein level of 13.5 per cent. 


Loaf volume of the flours varied from 565 to 770 ¢.c. or a difference of 205 
e.c. The loaf volume of the starch-gluten blend bakings, however, range 
from 110 to 160 ¢.c., a difference of 50 ¢.c. No relationship is evident be- 
tween these loaf volumes and gel strengths. The gel-strength values shown 
are the means of nine replicates which varied considerably among them- 
selvés. The means range from 29 to 70 seconds. 

Gel-strength averages were calculated for the various wheats and 
starches included in the study (Table 2), while the same data are shown 


graphically 


(Fig. 1). The significance of differences in these average 
values will be discussed in the following paragraphs. 
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Average Gel-Strength Readings for Varieties and Stations’ 
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gel strengths among varieties and stations. 





Comparative wheat-starch 
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An analysis of variance of the starch-gel-strength data was made 
(Table 3). The interactions, with the exception of varieties stations, 
were grouped together and used as the error term, inasmuch as the inter- 
action with replicates would appear to have little meaning. The replicate 
variance was calculated by methods developed by R. A. Fisher. Since the 
purpose of the experiment was to ascertain differences in gel strength 
among wheat varieties over the whole area that the stations sample, the 
stations can be thought of merely as replications. The results may now be 
quickly summarized. 

TABLE 3 
Analysis of Variance of Starch Gel Strength’ 








Sums of | Degrees of 5-per cent | 1-per cent 


Source of variation squares | freedom Variance point point 








Between varieties..............0cccee4 11,276 1,610.86 05 2.73 
Po 6,867 : 2,289.00 2 65 3.88 
Between replicates....................+4 3,282 : 102.50 5 
Interaction (varieties X 

stations) 4,551 216.71 
Error 13,958 

















Total 39,934 











1Gel strength measured in seconds. 


There is a very significant difference among variety means. A differ- 
ence of 3.7 seconds between gel-strength means is significant at the five-per 
cent point. Glanecing at the data (Table 2) it will be seen that many of 
the means differ significantly. Similarly there is a significant difference 
between station means, a difference of 2.6 seconds being significant. Fargo 
is higher than the other stations. while Langdon is lowest (Table 2 and 
Fig. 1). These results for the stations agree with the findings of Knowles 
and Harris (1948). There is no significant difference between the mean 
gel strengths of the wheats grown at Dickinson and Williston. The differ- 
ence between replicates is just significant, while the interaction of varieties 
and stations is very significant. This shows that the gel strengths of the 
wheat varieties vary among themselves at one locality in a significantly 
different manner than at another locality. 

The data secured in this study show that the gel strengths of starches 
prepared from different varieties of hard red spring wheat differ signifi- 
cantly. It is also apparent that environmental factors of soil and climate 
affeet those starch properties that are responsible for gel strength, as this 
property varied significantly among stations, while the individual vari- 
eties did not react in the same manner under different environments. The 
relation of these variations in gel strength with baking quality is not 
evident in the data. Knowles and Harris (1948) have pointed out that no 
relationship apparently exists between these two properties. 


SUMMARY AND CONCLUSIONS 


Thirty-two samples of starch were prepared from flours milled experi- 

mentally from eight varieties of hard red spring wheat. These wheats 
. 5 5 

were grown under comparable conditions at four North Dakota stations 
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in 1942. The starches were dried and analyzed for moisture and nitrogen 
content. Six per cent (dry-matter basis) suspensions of the starches in 
distilled water were gelatinized at 95°C.(203°F.), then poured carefully 
into petri dishes, and allowed to stand for approximately 20 hours at 30°C. 
(86°F.) and 73 per cent relative humidity. The gel strengths were then 
determined by means of a tenderness tester, using the method described 
by Knowles and Harris (1943). 

The data secured, in terms of seconds required to rupture the gel, were 
subjected to statistical analysis. Extremely significant differences were 
found among varieties and also among stations. It is evident that some 
varieties of hard red spring wheat produce starches of higher gel strength 
than other varieties. It is also apparent that environment during the 
formation of the kernel has an influence upon this property of wheat 
starch. 
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The grain sorghums, including milo, kafirs, hegari, feterita, and others, 
are of great importance as a source of feed in the semidry areas found in 
many parts of the Southwest. Over 8,000,000 acres, producing above 
86,000,000 bushels of seed, valued at more than $47,000,000, have been 
reported in recent years. Some of the varieties have a sweet juice and are 
used for forage and silage and, in some eases, for syrup making; but, for 
the most part, they are raised as grain for poultry and livestock. Heller 
and Green (1926) reported the average chemical content of many of the 
Oklahoma-grown sorghums. The vitamin A, as recognized at that time, 
was determined for many varieties. A few years later Smith (1930) re- 


ported on the nutritive value of some varieties grown in Arizona. Since 
that time, however, many new varieties have been introduced, and our 
knowledge of the vitamin B complex has been materially changed. In 
view of the fact that the sorghums will undoubtedly be more extensively 
used both for industrial and human consumption, it seemed advisable to 
determine the relative distribution of some of the important members of 
the B complex. 


EXPERIMENTAL PROCEDURE 
In 1941 and 1942, 29 varieties of sorghums were selected and planted 
both at Perkins, Oklahoma, in sandy loam, near the center of the state 
and at Woodward in the drier western section. The sorghums were pro- 
duced in varietal plots under comparable conditions. In the fall when 
the seed was completely developed, 20 representative heads were selected 
from each variety, transferred to the laboratory, dried, hand threshed, and 
carefully separated from hulls. The seeds were then ground and stored 
in a cool, dark room in sealed containers until analysis was completed. 


VITAMIN DETERMINATIONS 

Both chemical and microbiological methods were repeatedly tried, and 
the microbiological method seemed to be the most suitable. The following 
procedure was used. 

The riboflavin content was determined by the microbiological method 
of Snell and Strong (1939) in which the response of Lactobacillus casei « 
to riboflavin is measured by titrating the acid produced. The samples 
were prepared for analysis as follows: One or two grams of finely ground 
grain were extracted with 50 ml. 0.1 N HCl and 25 ml. H,O at 15 pounds 
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pressure for 15 minutes. This extract was neutralized with NaOH using 
brom thymol blue as an external indicator and diluted to 200 ml. The solid 
material was allowed to settle or was centrifuged out. Three to five ml. 
of this extract were used in the assay tubes. Duplicate determinations 
were made at two or more levels of concentration. The recovery of added 
riboflavin ranged from 90 to 120 per cent. 

The determination of niacin was made by the method of Snell and 
Wright (1941). By this method the response of Lactobacillus arabinosus 
17-5 to niacin is measured by titrating the acid produced. The samples 
were prepared for analysis by treating with NaOH and autoclaving by the 
method of Tepley, Strong, and Elvehjem (1942). One-tenth to five-tenths 
of a gram of finely ground sample was used and the extract was diluted 
to 200 ml. Two to five ml. of this extract were used. Duplicate determina- 
tions were made at these levels. Recovery of added niacin ranged from 
86 to 112 per cent. 

Pantothenic acid was determined by the microbiological method of 
Pennington, Snell, and Williams (1940), in which the response of Lacto- 
bacillus casei « to pantothenic acid is measured by titrating the acid pro- 
duced. The sample was prepared for analysis by the method of Tepley, 
Strong, and Elvehjem (1942). Recovery of added pantothenic acid ranged 
from 90 to 120 per cent. 

An inspection of the averaged results (Table 1) shows that there is 
little difference in the riboflavin content of various sorghums and the aver- 
age is comparable to other cereals of similar structure. The niacin varies 
as much as 100 per cent within the group. It is interesting that the vari- 
eties with erypto-brown and milo-yellow pericarps, also club kafirs, have 
a niacin content much higher than the other varieties. The average is 
somewhat less than wheat but higher than many cereals. The pantothenic 
acid variation between samples is small and the average content is com- 
parable to that of other grains. 


SUMMARY 


The riboflavin, niacin, and pantothenic acid contents of 29 varieties of 
sorghum raised in two locations in Oklahoma in 1941 and 1942 are pre- 
sented. The variation in riboflavin and pantothenic acid is small within 
the groups and compares favorably with other cereals. The niacin con- 
tent of the brown-coated varieties is much higher than that of the other 
members. 
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Dehydration as a method of preserving foods has been emphasized 
recently by the need for stable and concentrated foodstuffs. Materials 
heretofore processed in other ways are now being dried in great quantities 
in an effort to fill domestic and export demands. In common with most 
other processing methods, dehydration modifies the nutritive values of 
foods. It is imperative that we know the nature and extent of these 
changes. This is especially true of meat, which ordinarily contributes 
important amounts of protein and of the B-complex vitamins to the 
American diet. 

For dietary calculations only the nutritive value of the final product 
need be known, but from a more comprehensive scientific standpoint it is 
important to study the changes occurring during processing. Poling, 
Schultz, and Robinson (1943) have shown that the dehydration process 
does not cause any significant protein deterioration. The present investi- 
gations were carried out to determine the extent to which the vitamins of 
beef and pork are retained during dehydration in plant-scale operations. 
In general, vitamin losses have been found to be similar to those taking 
place during cooking [MelIntire, Schweigert, Henderson, and Elvehjem 
(1943)]. During the drying operation itself surprisingly little loss occurs. 

Although the methods of meat dehydration are generally known, and 
have been recently reviewed by Kraybill (1943), a brief outline of the 
procedure which was followed with the samples under consideration will 
aid in interpreting the data. With both beef and pork the initial step is 
the precooking of one- to two-thousand-pound lots of boned and cubed 
meat in steam-jacketed kettles. The meat is stirred occasionally during 
this operation. Pork is cooked for 30 minutes after reaching an internal 
temperature of 73.9°C.(165°F.); beef is usually cooked a few minutes 
longer so as to remove more of the moisture. Internal temperatures of the 
products at the end of the precook have risen to 82.2°C.(180°F.). Fol- 
lowing the precook, beef is ground and then dried in a current of warm 
air in a rotary drier. Pork is handled differently. During cooking it 
yields a broth which is drawn off, skimmed to remove fat, and then con- 
centrated under a 24-inch vacuum to a solids content of approximately 
50 per cent. This concentrated broth is later reineorporated with the 
pork after the latter has been dried in the same type of drier as the beef. 
By adding caleulated quantities (based on moisture and fat analysis) of 
the fat which had been previously separated, the remixing step may also 


’The data in this paper were presented before the Division of Agricultural and 
Food Chemistry of the American Chemical Society at the Detroit meeting, April 12, 1943. 
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be used to adjust the fat and moisture content of the dehydrated pork to 
the desired level. 
EXPERIMENTAL PROCEDURE AND DISCUSSION 

In studying the vitamin losses during these processes, samples of the 
product were taken during each stage and assayed for moisture, protein, 
and fat as well as for the vitamins under consideration. Obviously, proper 
sampling is of prime importance since different parts of many animals are 
included in each batch of raw meat. In an effort to secure samples rep- 
resentative of such a heterogeneous charge, small slices were cut from 
pieces of the meat as it was being fed into the cooker. Part of these slices 
were taken with the grain of the meat and part across the grain. Some 
were taken through the center of each type of cut and others were taken 
from an end or edge. The relatively large amounts of meat so obtained 
were then ground, mixed thoroughly, reground, and remixed until a 
homogeneous mass resulted. A portion of this was reserved for assay. 
Sampling of the cooked meat was much simpler since it could be effected 
during grinding by continuously collecting small portions of the product 
at the grinder head. After thorough mixing a small amount typical of 
the entire lot was taken as a sample. Aliquots of the dehydrated meat, 
already well mixed during drying, were always taken from product which 
had been thoroughly remixed. The broth, drained from cooked pork, was 
sampled by collecting a portion of the aqueous solution. The fat was dis- 
regarded after preliminary assays had indicated that it was almost devoid 
of the water-soluble vitamins. 

The thiamin values herein reported were determined by the thiochrome 
procedure as outlined by Conner and Straub (1941). Riboflavin, niacin, 
and pantothenic acid were assayed microbiologically upon samples which 
had been enzymatically hydrolyzed as recommended by Cheldelin, Epp- 
right, Snell, and Guirard (1942). In preparing the ground, raw samples 
for assay, 100-gram portions were homogenized with 200-gram quantities 
of water in a Waring blender. The need for this step is obvious when one 
considers the fact that an aliquot of two grams must represent 1,000 to 
2,000 pounds of meat. The ground and dried products were blended with 
greater portions of water so that the final emulsions contained approxi- 
mately the same proportion of solids as those prepared from raw meats. 
In order to prevent any variation in standards from affecting the values 
for percentage recovery of the vitamins, all samples of any one series of 
determinations were run simultaneously. 

With each type of meat the vitamin content per gram of protein and 
the per cent retention at the various stages of dehydration were quite 
constant for a number of runs. Hence, data for typical series of samples 
may be considered as representative of the changes to be expected; such 
data for beef are presented (Tables 1 and 2). The percentage of moisture, 
protein, and fat in the beef at the various stages of processing are indi- 
cated (Table 1) along with the values for thiamin content per gram of 
sample and per gram of protein, and for the per cent retention (based 
on the content per gram of protein) after cooking and drying. Similar 
computations are shown for riboflavin, niacin, and pantothenic acid 
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(Table 2). Considering the relatively mild preecook given the meat, all 
of these values seem quite reasonable, except, of course, the 105-per cent 
retention of riboflavin. 

These 100-plus values for riboflavin have been consistently obtained, a 
fact which we attribute to the formation of stimulating substances during 
cooking. This seems the most logical explanation since the aqueous extract 
from raw samples gives identical values with or without petroleum ether 
washes while the aqueous extract from cooked samples yields lower values 
after ether washes. This would indicate the development of some stim- 
ulatory substance for Lactobacillus casei? during the heat treatment, 
presumably of a fat-soluble nature, Strong and Carpenter (1942) and 
Bauernfeind, Sotier, and Boruff (1942). Treatment with papain and taka- 
diastase does not increase the riboflavin value for raw samples but does 
reduce the value for cooked samples. This is being further investigated. 


TABLE 1 
Thiamin Content of Beef During Dehydration 











Thiamin 








Sample 176 Moisture Protein Fat In In Reten- 
sample protein tion 
pet. pet. pet. ugm./ ugm./ pet. 
gm. gm. 
I Iv vicssiceusiecsxesvavencxcoscers 741.2 19.81 8.7 0.62 3.13 | — 
IE INR sss scnsssrsicaiersscenscece 46.5 32.31 18.9 0.92 2.85 91 
Dehydrated beef.................0+ 6.1 58.63 | 31.5 1.39 2.37 76 





Calculations of the per cent of vitamin retention at the various stages 
during dehydration of pork are much more complicated than they are for 
beef because of the separation of the material into three fractions after 
cooking. The division of the product makes calculation to a solids or 
protein basis illogical ; hence, retentions have been computed on a “‘total’’ 
basis. In applying this method the total amount of a vitamin at each step 
in the process is found by multiplying the weight of the product by the 
concentration of the vitamin per unit of weight, after which the per cent 
retention may be found by a simple proportion with the amount in the 
raw meat. When it can be applied, this procedure is perhaps more satis- 
factory than any other since changes in the fat, protein, and moisture 
relationships will not interfere with interpretation of the results. Unfor- 
tunately, this method of ‘‘totals’’ is applicable only when both the vitamin 
coneentration and the total weight of each product can be measured. Since 
the actual drying operation for meat is continuous, it is impossible to 
determine directly the weight of dehydrated product corresponding to a 
given amount of cooked meat. The same difficulty arises with the broth, 
which must be pooled with that from other lots and concentrated in large 
batches for effective operation of the vacuum still. However, the quantity 
of dehydrated meat vielded by a given amount of cooked meat ean be 


*The quantities of riboflavin present in the various products were determined by 
measuring the amount of acid produced by this organism in the presence of aliquots of 
the samples. 
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accurately caleulated by determining the total amount of protein in the 
cooked meat and dividing this by the percentage of protein in the dry 
product. Using this as the yield, the total amount of each of the vitamins 
remaining at this stage may be determined as indicated above. Similar 
calculations for the broth show the amount of concentrate yielded and its 
vitamin retention. The weights found by calculations from the protein 
data rather than by actual observation have been enclosed in parentheses 
(Table 3). 

Theoretically the concentrate from each charge of meat is added back 
to the same batch, but in a continuous process this is not feasible. Further- 
more, some lots of dehydrated meat are undesirably high in moisture and 
must be mixed with others low in moisture before the broth concentrate 
can be added to prepare a final product. Because of this mixing of portions 
which originated from different cookings, the data on any sample of the 


TABLE 4 
Thiamin Retention During Pork Dehydration 
































| Thiamin 
Lot. No. Protein 
In sample | In protein | Retention 4 

| pet. | ugm./gm. ugm./gm. | pet. 
169.. 48.68 | 13.83 28.42 66 
264 = 44.60 11.50 25.79 61 
i icssesacecesscinssssivigncnsusaecss 46.72 12.20 26.16 62 
051 48.05 12.98 27.01 64 
eee nenere PONS re | 54.65 12.88 23.58 56 
053 53.45 12.88 24.14 57 
184 48.98 14.80 30.28 71 





| | | | Av. 63 


1 Using 42.45 micrograms per gram of protein as an average value for this type of pork as a 
basis for calculation. 





final product cannot be referred directly to any one lot of raw meat. In 
order to obtain recovery data for the finished product, however, it is only 
necessary to total the percentages of retention in the dried meat and in 
the concentrate, since the mixing operation has no effect on the vitamin 
levels. 

When these calculations have been carried out for thiamin, as indicated 
(Table 3), the over-all retention is found to be 63 per cent of the amount 
in the raw meat. This retention is approximately the same as that found 
by MelIntire and co-workers (1943) for roast pork loin or hams. The 
greatest part of the loss occurs during the precook period. It is interesting 
to note that more than a fifth of the thiamin remaining after cooking is in 
the broth. When the processing operations have been completed, all of 
the protein originally present in the raw meat reappears in the finished 
product except for an insignificant amount lost with the fat. Hence, the 
over-all yield may be caleulated on a protein basis. When this is done for 
Lot 169, for which detailed data are presented (Table 3), the retention is 
found to be 66 per cent as compared with 63 per cent obtained by the 
more elaborate method. That these values are typical of the product may 
be seen by reference to the protein and thiamin data for six other lots of 
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dehydrated pork (Table 4). Each of the samples selected for assay was a 
composite of an entire day’s run. While the value for thiamin per gram of 
protein in the raw pork going into these lots is unknown, we may assume 
a value of 42.45 micrograms per gram, this being the average of the values 
found for five similar lots of raw pork. The range for these samples was 
41.17 to 44. At best, these recovery values are estimations, but they show 
the range of recoveries actually attained. Obviously, occasional samples 
with which little concentrate has been remixed will be lower in thiamin. 

Calculations similar to those used in showing the retention of thiamin 
at the various stages indicate over-all recoveries of 92 and 104 per cent, 
respectively, for niacin and riboflavin. Only a few determinations of 
pantothenic acid were made on the raw pork and on the finished product 
of some samples. The values for this lot indicate a 74-per cent retention 
of the vitamin, which agrees well with the 68-per cent retention found 
during the dehydration of beef. 

Comparison of retentions of the vitamins in pork with those for beef 
show remarkably good agreement. On the whole, the losses during dehy- 
dration are no greater than those which would oceur during cooking and 
are, especially with respect to* thiamin, much less severe than in canning. 
These determinations of vitamin retentions are, of course, only one phase 
of a study of the nutritive value of dehydrated meats. Of equal or greater 
importance is the determination of the stability of these vitamins during 
storage of the products as packed for shipment. Preliminary data with a 
limited number of samples indicate that there will be appreciable loss of 
thiamin during one to two months’ storage at 26.7°C.(80°F.) and severe 
losses at higher temperatures. Whether these losses, as measured by the 
thiochrome method, reflect the true decrease in thiamin potency or whether 
they include some binding of thiamin in a nonextractable form, as sug- 
gested by Lane, Johnson, and Williams (1942), has not been decided. 
Much more work must be done on this phase of the problem before the 
final answer can be reported. Naturally this research is being pushed 
toward completion as rapidly as possible. 

While less attention has been paid to the retention of the other vita- 
mins during storage, the few assays that have been made indicate little or 
no loss of niacin, riboflavin, or pantothenic acid even during storage for 
several months at temperatures as high as 60°C.(140°F.). 


SUMMARY 

The thiamin, riboflavin, niacin, and pantothenic acid contents of pork 
and beef were determined at the various stages of dehydration. 

Dehydrated beef retains 76 per cent of the thiamin, 105 per cent of 
the riboflavin, 92 per cent of the niacin, and 68 per cent of the pantothenic 
acid of the raw meat. 

Dehydrated pork retains 63 per cent of the thiamin, 104 per cent of 
the riboflavin, 92 per cent of the niacin, and 73 per cent of the pantothenic 
acid of the raw meat. 

Storage losses of thiamin in dehydrated pork are extensive at tempera- 
tures above 80°F. 
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The problem of vitamin retention in vegetables from the time of harvest 
to the time of consumption is increasing in importance. Little work has 
been done on this problem except that concerned with preservation by 
freezing. It has been suggested by Fenton (1940) that losses of vitamin C 
might well be used as an indication of general decline in the nutritive value 
of the vegetables. It is on this theory that we base our present study of 
ascorbic acid retention in vegetables under various conditions of storage. 

Wheeler, Tressler, and King (1939) studied vitamin C content and 
retention in various green leafy vegetables. They found that refrigeration 
reduced the loss of vitamin C in broccoli and spinach but not in lettuce. 
Spinach lost one-half of its original vitamin C content in three days’ 
storage at room temperature but retained its ascorbie acid at temperatures 
slightly above freezing. Yaroshenko (1938) reported 30 to 50 per cent 
loss of vitamin C in spinach stored at room temperature for two days, 
while storage of the same vegetable at 2°C.(35.6°F.) reduced the loss to 
10 to 17 per cent. Harris, Wismann, and Greelie (1940) studied the 
efficiency of different types of mechanical refrigerators and reported that 
the refrigerator with high humidity and low air movement gave favorable 
retention of ascorbie acid in the vegetables studied. 

The present study was made on ascorbie acid retention in chard, lettuce, 
spinach, broccoli, and green beans. These vegetables were chosen because 
they are good sources of vitamin C and are sensitive to changes in the 
conditions of storage. Both home and store models of ice and mechanical 
refrigerators were used. 

EXPERIMENTAL PROCEDURE 

The first approach to this problem was made by determining the loss of 
vitamin C immediately after harvesting the vegetables. Samples of the 
different vegetables were placed in the acid-extraction solution at the 
garden while other samples were packed in crushed ice and taken to the 
laboratory within one hour. Assays were made on all samples immediately 
upon arrival in the laboratory. Those samples packed in erushed-ice 
containers were held for further storage in the containers both at room 
temperature and at a temperature of 6 to 7°C.(42.8 to 44.6°F.). Samples 
were removed from the crushed ice and placed in the hydrator of a 


*Supported in part by a grant from the Wisconsin Ice and Coal Company, Mil- 
waukee, Wisconsin. 

We are indebted to Earl and Loraine Cardinal for carrying out some of the studies 
reported in this paper. 
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mechanical refrigerator, in a wire basket in the bottom of an ice refrig- 
erator, and on a table in the laboratory. 

Additional work was done during the fall and winter months when 
home-grown vegetables were not available; therefore many of the samples 
used were shipped to Madison from California. In all cases they were 
shipped in iced crates and the first samples were taken as soon as the 
vegetables arrived at the warehouse. These samples were then divided into 
smaller portions to be stored in the laboratory at room temperature and 
in the mechanical and ice refrigerators both on the shelf and in the hy- 
drator. The mechanical refrigerator was kept at a temperature of 8 to 
10°C. (46.4 to 50°F.), which is comparable to that used in most household 
refrigerators. The temperature of the ice refrigerator was slightly higher, 
10 to 12°C.(50 to 53.6°F.). 

Studies were also made on the retention of vitamin C in the vegetables 
during storage in a retail store. For this work both mechanical and ice 
refrigerators were used. The vegetables to be considered were stored for 
a period of 24 to 48 hours at a retail store and then removed and subjected 
to the various types of storage in the laboratory as described above. 

A separate study was made of the ice display cases now used in many 
retail stores. Samples were stored directly on the crushed ice in the top 
of such a ease, in the top of the ease but not directly on the ice, and in the 
bottom of the case. 

All assays were based on the original weight of the sample by deter- 
mining the dry weight of the vegetable before and after storage. An ap- 
proximate 40-gram sample was taken from each lot of the vegetables, and 
from this large sample three one-gram samples were selected. An attempt 
was made to make these three samples representative of the original large 
samples. The mean value for the three determinations was used in all 
eases and was reported as milligrams of ascorbic acid per 100 grams of 
sample. In most of the determinations there was less than a five-per cent 
deviation from the mean value. Typical results for a fresh sample of 
broccoli were 95, 93, and 94 mgm. of vitamin C per 100 gm. for the three 
samples. 

All samples were assayed for vitamin C by grinding a weighed portion 
with acid washed sand using a 314-per cent metaphosphorie acid solution 
for extraction, Bessey (1938). Each sample was extracted three times 
with acid and this extraction mixture was then filtered through Whatman 
No. 40 filter paper. The filtrate was brought up to a known volume with 
314-per cent metaphosphorie acid solution. The size of the aliquot used 
was dependent upon the concentration of the ascorbic acid in the solution 
and was diluted to a volume suitable for reading in the photoelectric 
colorimeter. 

A standardized solution of 2,6 dichlorophenolindophenol buffered with 
sodium acetate was used for the determination in an Evelyn photoelectric 
colorimeter. The extracting solution was not buffered, for a low pH pro- 
tects the vitamin C from oxidation during extraction while the buffered 
dye prevents the acid reduction of the dye during the period of reading 
in the colorimeter. 
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Colorimeter readings were made after 15, 30, 60, and 120 seconds. 
Most of the values fell within the range of two to five micrograms of 
ascorbie acid per cubic centimeter, suggested by Hochberg, Melnick, and 
Oser (1943) as giving accurate colorimetric readings. The method of 
Woessner, Elvehjem, and Schuette (1939) was used to extrapolate to 
zero time. Blank readings were made to correct for turbidity in each 
sample by decolorizing the dye-acid mixture in the colorimeter tubes with 
erystals of the pure vitamin C. 
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(C_] Reduced ascorbie acid 
WH Oxidized ascorbic acid 
A) Fresh sample 


B) Stored in crushed ice 3 days 
(C) Stored in ice 3 days and then in the hydrator pan of the mechanical refrigerator 
1D) Stored in ice 3 days and then in the ice refrigerator in a wire basket 


Fig. 1. Storage of vegetables in crushed ice. 


Hochberg, Melnick, and Oser (1943) emphasize the importance of 
determining dehydroascorbic acid in the studies on vegetable storage. In 
our earlier work reduced and total ascorbic acid determinations were 
made; however, in the later studies we were interested primarily in the 
relative loss of vitamin C and determined only the reduced form so that 
we might be able to store and analyze more samples in a given period of 
time. Therefore, unless specified otherwise, the vitamin C values reported 
are of the reduced form. 

When determinations of the total ascorbic acid were made, hydrogen 
sulfide was passed through a portion of the first metaphosphorie acid 
filtrate for 15 minutes. This solution was covered and allowed to stand 
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in the dark at room temperature for eight hours. Wet, oxygen-free nitro- 
gen was passed through this solution for one hour. The total ascorbic acid 
was then determined colorimetrically as described above. 


STORAGE IN CRUSHED ICE COMPARED WITH ROOM TEMPERATURE 

Packing the vegetables directly in ice as they were harvested was found 
to be effective in preventing any loss of vitamin C during the first hour. 
The effect of storage in crushed ice on the retention of total and reduced 
ascorbic acid in the four vegetables studied (Fig. 1) shows that after three 
days’ storage in the crushed ice broccoli, Swiss chard, and lettuce retained 
most of their vitamin C while green beans showed some loss. 

Leaf lettuce packed in crushed ice, the container then kept in the cold 
room at 6 to 7°C., may be stored six days with less than a 10-per cent loss 
in the total ascorbie acid (Table 1). However, storing similar samples of 


TABLE 1 


Retention of Ascorbia Acid in Lettuce Packed in Crushed Ice Containers 
Stored at Room Temperature and in Cold Room* 








Container kept at room temperature Container kept at 6 to 7°O. 








a. Reduced Oxidized Total | ° Reduced a Oxidized ‘Total 
sai, asco~bic ascorbic ascorbic ascorbic |} ascorbic ascorbic 
acid acid acid acid acid | aci 
0 25 3 28 43 4 45 
1 23 3 26 41 2 43 
2 20 i 23 tom ose aon 
3 15 7 22 42 1 43 
4 13 11 24 sale oon cove 
6 — wis vs 40 0.5 40 


1 Units expressed in mgm. per 100 gm, 


lettuce in iced containers kept at room temperature resulted in a 20-per 
cent loss of vitamin after two days but the loss did not increase during the 
next two days. In the former sample, where the container was stored in 
the cold room, a very small amount of the ascorbie acid was found to be 
in the reversibly oxidized form and this amount decreased as the period of 
storage increased. In contrast to this the storage of similar iced containers 
of lettuce at room temperature resulted in a progressive increase in the 
dehydroascorbie acid formed as the storage period increased. 

The former retail practice of sprinkling the room-stored lettuce to keep 
it ‘‘fresh’’ was not effective in preserving the total ascorbie acid (Table 2), 
but it did appear to decrease the amount which was found in the oxidized 
form. In the lettuce stored under ordinary room conditions the dehydro- 
ascorbic acid comprised about 40 per cent of the vitamin remaining after 
24 hours. 

The total and reduced ascorbie acid in the leaf lettuce and broccoli, 
when stored under different conditions, are shown (Tables 3 and 4). De- 
hydroascorbie acid accounts for a large part of the total vitamin C in 
lettnee but only a small proportion of the total vitamin C in broccoli. The 
percentages of oxidized vitamin C in green beans and Swiss chard fall in 
between the two examples cited. Even though in some eases, e.g., lettuce, 
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TABLE 2 


Comparison of Loss of Ascorbic Acid in Lettuce Stored Normally at 
Room Temperature and Lettuce Moistened Every Two Hours’ 








ELVEHJEM 








Moistened every two hour 
































| Dry sample 
— | Reduced | Oxidized Total Reduced Oxidized Total 
(hours ) ascorbic | ascorbic ascorbic ascorbic ascorbic ascorbic 
acid | acid acid acid acid acid 
0 23 C*S 3 26 23 3 26 
6 20 10 30 20 4 24 
13 14 10 24 16 5 21 
19 11 7 18 14 4 18 
24 7 6 13 9 2 11 
2 Units expressed in mgm. per 100 gm. 
TABLE 3 
Retention of Ascorbic Acid in Leaf Lettuce’ 
Reduced | Oxidized | Total | 
Storage ascorbic ascorbic ascorbic Loss 
acid acid acid 
pet 
TSE TROD TID DBI. sc cccsccinscevaicsconesvesecsessee 27 2 29 ee 
Packed in crushed ice three days................. 22 4 26 12 
Then in hydrator of mechanical 
refrigerator three day...................0+ 7 3 10 66 
Then in wire basket of ice 
refrigerator three days..............:00+ 11 4 15 50 
In hydrator of mechanical 
POETI*STACOT EHVES GAYH..0...00<00ccccesssccccssseess 17 3 20 26 
In wire basket of ice refrigerator 
NE sv iescess cscccnvesionsneensieaioveassiouaicedoiowe 13 6 19 34 
1 Units expressed in mgm. per 100 gm. 
TABLE 4 
Retention of Ascorbic Acid in Broccoli’ 
-t—t—~s—~—~—sts Reduced | Oxidized | Total | 
Storage ascorbic ascorbic ascorbic | Loss 
acid | acid acid | 
pet. 
I BHO FIG BRR sic ive ssicincsssscciccssessvesvetevectosesce 140 7 147 . 
Packed in crushed ice three dajyS................csesseee- 132 3 135 8 
Then in hydrator of mechanical | 
WOEPICTRUOT THPOO CIIE..cvsccesescesercccrsevessveoses 107 3 110 26 
Then in wire basket of ice 
refrigerator three Gay3..............ccccsccsesseseees 87 3 90 38 
In hydrator of mechanical 
DORTMIUEMEOE THIOD COG G icccscsssvcescvcsscessccsssecsseseseees 115 0 115 21 
In wire basket of ice refrigerator 
INI i sccoelsssuttixesesstnioucudivedtunessiciedeiuskcodventeowers | 109 0 109 25 





1 Units expressed in mgm. per 100 gm. 
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the oxidized ascorbic acid makes up a large part of the total vitamin, the 
percentage loss was approximately the same when reduéed or total ascorbic 
acid was used in caleulating percentage loss. In all of these vegetables the 
loss of total vitamin C was increased by removing the samples from the 
crushed ice and putting them into the mechanical or ice refrigerator. There 
was a corresponding increase in the amount of the oxidized vitamin C in 
the transferred samples. 


MECHANICAL AND ICE REFRIGERATOR STORAGE COMPARED 
WITH ROOM TEMPERATURE 

In this study only the reduced ascorbic acid was determined for we were 
interested in the relative losses and it was necessary to analyze many sam- 
ples in a limited period of time. In a summary table (Table 5) the values 
given are the averages of several experiments representing approximately 
2,000 individual assays. The following number of experiments was carried 
out for each vegetable: lettuce, eight; spinach, 10; Swiss chard, four; 

green beans, five; and broccoli, nine. 


TABLE 5 
Summary of Percentage Loss of Ascorbic Acid in Vegetables 











Percentage loss of ascorbic acid 











Time (hours) ae Mechanical refrigerator _ _Ice refrigerator ; 
> Sheif Hydrator Shelf Hydrator 
Spinach 
24 70 25 25 50 40 
48 70 40 50 55 45 
72 bas 50 55 55 60 
96 ‘iss 60 70 60 85 
Lettuce 
24 50 25 15 25 25 
48 7 40 30 50 35 
72 — 45 35 40 30 
96 sia 65 45 | 60 55 
Broccoli(flowers) 
24 50 10 30 15 15 
48 65 10 30 25 20 
72 80 30 25 35 20 
96 80 40 25 45 30 
120 eltie 40 30 45 45 
168 enn = oa 65 60 
216 sie san a 65 60 
Green beans 
24 20 10 10 § 5 
48 25 10 10 5 5 
72 | 20 10 10 5 5 
96 30 10 30 5 5 
120 aor 30 
Swiss chard 
24 35 30 
48 65 40 
72 cine 45 





96 85 70 inet | 
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Leaf Lettuce: In studying vitamin retention in lettuce it was of inter- 
est to note that the lettuee which had a low reduced vitamin C content 
when fresh, i.e., four to 12 mgm. per 100 gm., lost this vitamin more rapidly 
during storage than those samples which had an original value of 12 to 30 
mgm. per 100 gm. The former low values are in agreement with the five 
mgm. per 100 gm. value for leaf lettuce given by Bessey and King (1933). 
However, most of our ascorbic acid values for fresh leaf lettuce were found 
in the higher range of 12 to 30 mgm. per 100 gm. 

Lettuce stored at room temperature for 24 hours lost approximately 50 
per cent of its original ascorbie acid. A sample of the same lot of lettuce 
which was stored for 48 to 72 hours in the refrigerator, either mechanical 
or ice, gave an average loss of less than 40 per cent increasing to 60 per 
cent after 96 hours. 

There was no conclusive evidence of superiority of either mechanical 
or ice refrigeration in the preservation of ascorbic acid. Similarly there 
seems to be no greater retention of vitamin C when the lettuce was stored 
in the hydrator pan than when stored on the open shelf. 

Spinach: The amount of ascorbie acid in spinach appeared to vary 
with the maturity of the spinach and with the degree of damage. The 
spinach, which was obtained directly from the University gardens or from 
local truck gardens, had a high original vitamin C content of 70 to 90 mgm. 
per 100 gm. and appeared to lose it more rapidly for the first 24 to 48 
hours at room temperature than the samples which were shipped here 
from California with average values of 30 to 70 mgm. per 100 gm. The 
differences were 75- and 90-per cent losses for the local samples for 24 
and 48 hours, respectively, as compared with 45- and 55-per cent losses in 
the transported samples. This might be explained on the basis that in 
this vegetable the greatest destruction of vitamin C takes place just after 
harvesting and that after the first two days the rate of vitamin ( loss is 
retarded. 

Storage in the refrigerators offered some protection for vitamin C. In 
many cases the spinach could be stored in the ice or mechanical refriger- 
ators for 72 hours with a loss of less than one-half of its vitamin C value. 
This loss of ascorbic acid appeared to be greater than that reported by 
Tressler, Mack, and King (1936), for they found almost no loss after three 
days in the refrigerator. The original value of their spinach, which was 
grown on upland soil, was reported as 53 to 70 mgm. per 100 gm. This 
difference might be attributed to a difference in the temperature and 
humidity in the refrigerator and to the condition of the vegetables stored. 
The average loss of vitamin ( in spinach stored under the conditions 
specified is shown (Fig. 2). 

If the spinach was removed from the hydrator of the refrigerator at 
48 and 72 hours and then left at room temperature, the loss of vitamin C 
was increased to 70 to 80 per cent in 24 hours. This would indicate that 
refrigeration acted to slow down the rate of oxidation of aseorbie acid, but 
as soon as the sample was exposed to room temperature the oxidation pro- 
ceeded at the higher rate. 
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Green Beans: Green string beans were found to have 10 to 25 mgm. of 
vitamin C per 100 gm. of vegetables. Cortrary to earlier work done in this 
laboratory and that reported in the literature we found very small losses 
of ascorbie acid in the green string beans which were stored at room tem- 
perature or in the refrigerators. Other workers have reported a 35-per 
cent loss of vitamin C in beans stored at room temperature for 24 hours 
and a 57-per cent loss in 48 hours. Mack, Tapley, and King (1939) re- 


Ascorbic acid (mg./100 gm.) 





S a 
43 3 
Time (hours) 





Room temperature 


A 7 . ° 
B ane } Mechanical refrigerator 


A Hydrator Ice refrigerat 
encem B shelf silat mami 


ee . ° 
ia A Directly on ice 
®eces 3 Not in contact with the ice Retail ice 
dlixplay ease 


C In the bottom 
eeeeeue 


Fig. 2. Average loss of aseorbie acid in . when stored as indicated. 


ported a loss of 46 per cent after 24 hours and 58 to 78 per cent after six 
days at room temperature. We found that green beans stored at room 
temperature for 72 hours, however, lost only about 25 per cent, whereas 
after 96 hours the loss was 30 per cent. This difference in vitamin C loss 
may be due to the difference in variety or stage of maturity of the 


vegetables used. 

In a study of the various types of storage within a single mechanical 
refrigerator we found the hydrator to give the smallest loss of vitamin C 
after 96 hours, ie., 10 per cent, while storage in a paper bag on the shelf 
resulted in a 15-per cent loss and storage on the open shelf gave a loss of 
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25 per cent. The ice refrigerator was also found to be effective in the 
preservation of vitamin C; the very small losses of vitamin C when this 
vegetable was stored in the ice refrigerator, either on the shelf or in the 
hydrator, are shown (Table 5). 

Swiss Chard: Swiss chard was found to be a good source of vitamin C, 
containing 50 to 95 mgm. per 100 gm. For retention of vitamin C in Swiss 
chard only a small advantage was gained in storage in refrigerator for the 
first day. During the first 24 hours the loss at room temperature ranged 
from 30 to 35 per cent as compared with 20 to 40 per cent loss in the 
refrigerator-stored samples. However, after 24 hours the chard in the 
refrigerator seemed to lose the vitamin very slowly, the loss remaining at 
40 per cent for three days, while that at room temperature continued to 
lose vitamin C until after 72 hours the loss was 70 per cent. 

Studies on the Swiss chard demonstrated the effect of damage on the 
loss of ascorbic acid. The damaged chard lost 30 per cent in the first 24 
hours, while the undamaged sample lost none when kept at a temperature 
of 8 to 10°C.(46.4 to 50°F.). If these samples were removed from the 
refrigerator and left at room temperature for 48 hours, the ascorbic acid 
was again destroyed more rapidly in the damaged sample, the values being 
75 per cent in the damaged and 50 per cent in the undamaged sample. This 
may be explained on the basis of increased oxidation of the ascorbic acid 
owing to the increase in surface area exposed and to the liberation of 
ascorbic acid oxidase from the bruised tissue. 

Broccoli: Broceoli stems usually had a lower vitamin C content than 
the flowers, i.e., 50 to 80 mgm. per 100 gm. of stems, and were found to 
lose practically no vitamin C when they were stored at room temperature 
for 48 hours. After 96 hours there was a loss of only 40 per cent. 

Broccoli flowers are very rich in ascorbie acid, varying from 75 to 143 
mgm. per 100 gm. of tissue. These values are within the range of values 
reported by Roe (1936); Feener, Palmer, and Fitzgerald (1937); and 
Wheeler, Tressler, and King (1939). The flowers, however, lost ascorbic 
acid rapidly at room temperature. The average loss after 24 hours was 
48 per cent and increased to 65 per cent after 48 hours. Temperatures of 
8 to 10°C. decreased the rate of destruction of vitamin C. The flowers may 
be stored in a refrigerator, either of the ice or mechanical type, for five 
days with only 40 per cent loss and approximately 60 per cent loss after 
nine days. 

The broccoli underwent physical changes very slowly in the refriger- 
ator and thus enabled us to continue the experiment for longer periods 
of time than with any of the other vegetables. The oxidation and conse- 
quent destruction of ascorbie acid in this vegetable appeared to have been 
decreased in rate by the low temperatures of normal refrigeration. 

Retail Storage: Normal retail storage of vegetables appeared to have 
some advantage over laboratory refrigerator storage in the retention of 
vitamin ©. Broccoli left in bunches in the retail mechanical or ice refriger- 
ator for 48 hours gave a 15-per cent loss of reduced vitamin C as compared 
with a 30-per cent loss in the sample from the same lot taken directly from 
the shipping crates to the laboratory refrigerator. This difference in favor 
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of the retail refrigerators may be attributed to the high humidity which 
they have and to the fact that the vegetables were stored in a more com- 
pact manner in the crates and therefore the exposure to oxidation was 
decreased. 

The spinach lost ascorbic acid rapidly at room temperature, 45 per 
cent in 24 hours, and fairly rapidly, 35 per cent, in the top of the ice 
display case when it was not in contact with the ice (Table 6). However, 
storing the vegetables directly on the ice reduced the loss of vitamin C to 
approximately five per cent. Broccoli demonstrated a similar range in the 
retention of vitamin C. The effect of storage in the bottom of the ice 


TABLE 6 


Comparison of Spinach and Broccoli Stored in a Retail Ice Display Case 
With That Stored at Room Temperature 





Percentage loss of ascorbic acid 








Time (hours) sisi a Top of ice display case oof or an 
temp. Directly Not directly display 
on ice on ice case 
Spinach | 
10 35 5 25 | 15 
24 45 5 35 | 15 
48 65 
Broccoli 
10 15 — 5 0-2 
24 50 ie 20 0 
48 70 





display ease varied with the vegetable. Broccoli lost 0 to two per cent of 
the original vitamin C value, while spinach lost 15 per cent in 24 hours. 
The samples stored directly on the ice had the advantage of low tempera- 
tures, high humidity, and decreased exposure to air movements. 


DISCUSSION 

All of the vegetables studied lost ascorbic acid at a rapid rate after 
being harvested if measures were not taken to prevent this loss. There 
was considerable variation in the rate of loss and in the form of vitamin C 
in the different vegetables when held under similar conditions of storage. 
The vitamin was most labile in the lettuce and spinach and more stable in 
broeeoli, green beans, and Swiss chard. Similarly lettuce had a greater 
amount of its vitamin C in oxidized form than the other vegetables, with 
broccoli having the smallest proportion of dehydroascorbie acid present. 

That dehydroascorbie acid is of importance in ascorbic acid studies and 
that the quantity of this form present varies with the vegetable and the 
period of storage has been definitely established. If relative rather than 
actual values are desired, however, studies on the reduced ascorbic acid 
alone were found to give reliable results. 

Moisture without refrigeration is of no benefit in the preservation of 
vitamin C. Lettuce moistened at room temperature showed just as great 
a loss of vitamin C as that which was allowed to desiceate. Refrigeration 
reduced the loss of vitamin C in all cases but refrigeration alone is not the 
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complete answer. The loss was reduced to 12 per cent in the green beans 
and approximately 30 per cent in the broccoli but the spinach lost as much 
as 55 per cent in three days in the refrigerator. 

Packing of the vegetables in the crushed ice is a practical and effective 
means of preventing deterioration of these vegetables during transporta- 
tion and storage. This type of storage combines the factors of humidity 
and low temperature. Vegetables so packed retain their desirable qualities 
of color, weight, -and freshness. The loss of total vitamin C in the ice- 

stored samples also varies with the kind of vegetables. Roughly there is 
“no loss in the case of Swiss chard, 10 per cent in broccoli, 20 per cent in 
lettuce, and 30 per cent in green beans over a period of three days. It 
should be emphasized that proper conditions of both humidity and temper- 
ature, starting at the time the vegetables are harvested, should be main- 
tained. Retail-store ice or mechanical refrigerators appeared to provide 
better conditions for the protection of vitamin C than the smaller house- 
hold models. However, the retail ice display cases seemed to offer the best 
protection for the ascorbic acid in most vegetables when the vegetables 
were placed directly on the ice. 

CONCLUSIONS 

Ascorbic acid is destroyed quite rapidly in spinach, chard, lettuce, and 
broccoli at room temperature of 20 to 23°C. (68 to 73.4°F.). 

Packing the vegetables in crushed ice as soon as they were harvested in 
the field was found to be an effective means of preventing the destruction 
of vitamin C during transportation and storage. 

Storage of these vegetables in either the mechanical or ice refrigerators 
had a marked and favorable effect on the retention of ascorbic acid. 

Retail storage of these vegetables in crates in the refrigerators was 
characterized by a slow rate of destruction of ascorbic acid. 

The factors involved in the retention or loss of ascorbic acid may 
include the physical condition of the vegetables, humidity and temperature 
of the storage, and exposure to oxidation. 
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Outbreaks of food poisoning due to alpha-type streptococci are not 
well recognized. Nevertheless, a small number of these outbreaks has been 
reported by Dack (1943). Although alpha-type streptococci are killed by 
the time and temperature used in processing canned foods, the ability of 
these organisms to grow and survive in such products is of practical 
importance to the problem of food poisoning. Contamination of the con- 
tents of a can with these organisms may occur after the can is opened, 
following which storage at temperatures supporting growth might lead to 
the development of large numbers of organisms capable of giving rise to 
gastrointestinal symptoms on ingestion. 

The purpose of the present investigation, therefore, was to study the 
growth of a food-poisoning strain of alpha-type Streptococcus in experi- 
mentally inoculated cans of food. By this method pure cultures could be 
studied, and the possibility of involvement of canned foods in this type 
of food poisoning elucidated. Previously, similar studies have been carried 
out using Salmonella enteritidis, Segalove and Dack (1944), and a food- 
poisoning strain of Staphylococcus aureus, Segalove, Davison, and Dack 
(1943). 

Canned foods studied in these experiments include asparagus, spinach, 
string beans, shrimp, salmon, peaches, tomato juice, peas, and corn. These 
foods represent a cross section of several different types of canned food on 
the market; for example, peas and corn are low-acid products; asparagus, 
spinach, and string beans are semiacid products; tomato juice and peaches 
are acid products. Shrimp and salmon were included as examples of sea 
food, the chemical composition of which is markedly different from fruits 
and vegetables. 

EXPERIMENTAL PROCEDURE 

In all experiments a food-poisoning strain of alpha-type Streptococcus 
was used. This strain was isolated from turkey dressing in 1939 and has 
been kept on blood agar medium since that time. The organisms were 
grown in veal infusion broth for 18 to 24 hours and the broth culture was 
inoculated directly into the various cans of food. The technic of handling 
the cans has been previously described by Segalove, Davison, and Dack 
(1943). The total number of organisms inoculated per can of food was 
determined by plate counts. These varied from 105 x 10° and 188 x 10° 
organisms per can. The number of organisms per milliliter of contents of 
the can was calculated by dividing the total count in the inoculum by 


* This work was aided by a grant from the National Canners Association. 
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the total number of milliliters capacity of the can. The total inoculums 
in each experiment were the same for each type of food. Eight cans of 
each food except peaches and tomato juice were always inoculated. Twelve 
cans of peaches and tomato juice were inoculated. Half of the total num- 
ber of cans of each food studied were incubated at 37°C.(98.6°F.) and the 
other half at 22°C.(71.6°F.) for varying periods of time. 

At intervals of 2, 7, 14, 30, and 60 days, cans were removed from the 
incubators, shaken, and samples removed for count. Decimal dilutions of 
the samples were made in sterile 0.85 per cent NaCl solution and blood 
agar pour plates were made with one-ml. portions of the decimal dilutions. 
After 48 hours’ incubation at 37°C. the colonies on each plate were counted. 


RESULTS AND DISCUSSION 

The results are shown in a graph (Fig. 1), in which the ordinate rep- 
resents the logarithm of the arithmetical average of bacterial counts per 
milliliter of fluid contents of the can at 37 and 22°C. Several points are 
clear from the results obtained. No growth occurred in canned peaches, 
a highly acid product, and organisms were not demonstrable at either 
temperature after two days. Attention is called to the fact that the peaches 
were preserved in syrup, an added factor in bacteriostasis. In tomato 
juice, the other highly acid product, growth occurred slowly, the highest 
counts being obtained after seven days at 37°C. and after 14 days at 22°C. 
Organisms were demonstrable in all foods except peaches for 30 days at 
both 22 and 37°C. and for 60 days at 22°C. In many instances higher 
counts were obtained at the latter temperature, a finding of some signifi- 
cance in regard to possible involvement of these foods in food poisoning. 
The survival of organisms was not different in the case of semiacid foods 
(asparagus, spinach, string beans) and low-acid foods (corn, peas). Insig- 
nificant differences in counts from cans incubated at 37 and 22°C. were 
found in the ease of sea-food products. Survival of organisms in salmon 
and shrimp was significantly better than in the fruits and vegetables. 


SUMMARY 

The growth and survival of a food-poisoning strain of alpha-type 
Streptococcus has been demonstrated for at least 30 days at 37°C. in 
eanned foods of low-acid content (corn, peas), semiacid content (aspara- 
gus, spinach, string beans), a highly acid product (tomato juice), and in 
sea-food products (shrimp and salmon). Organisms were demonstrable in 
all eases for 60 days at 22°C. and at 37°C. in most instances. Growth did 
not occur in canned peaches, sugar preserved (a highly acid product), and 
viable organisms were not cultured after two days. 

The significance of these findings to the problem of food poisoning has 
heen discussed. 
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Stimulated interest in the home canning of vegetables, fruits, and 
meats raises serious questions. Does the sugar acquired on the retail 
market by the housewife meet the standards laid down by the National 
Canners Association (1940) to protect its members against loss by sugar- 
borne spoilage organisms? Is the housewife forced to use contaminated 
sugar? 

In order to prevent the spoilage of canned foods much work has been 
done on the bacterial flora of sugar used in commercial canning. Sugar 
used for home canning should meet the same standards as that used in 
commercial canning. While figures on the yearly production of home- 
canned goods are not available, there must be, especially during these 
war years, a large quantity of such foods. Only comparatively small lots 
of home-canned foods may be spoiled on any single occasion, but the 
country-wide damage may reach an impressive total. The experiments 
here reported were designed to determine whether sugar sold for home 
consumption meets the standards set up for that used in commercial 
canning. 

In the contamination of sugar and the consequent spoilage of nonacid 
foods the most important bacteria are the sporeforming thermophiles, 
chiefly the facultatively anaerobic ‘‘flat sours’’ [Bacillus stearothermo- 
philus, Donk (1920)] the obligately anaerobic, hydrogen sulfide-produe- 
ing ‘‘sulfur stinkers’’ [Clostridium nigrificans, Werkman and Weaver 
(1927)]; and the anaerobic ‘‘hard swell’’ type [Clostridium thermosac- 
charolyticum, MeClung (1935b)]. Mesophilic bacteria are less important 
spoilage organisms. 

Thermophilie spoilage bacteria were first found in refined sugar in 
1926, according to Cameron and Yesair (1931). Owen and Mobley (1932) 
demonstrated that thermophiles entered cane sugar with raw sugar, dust, 
and bag sizing. Calton (1936) showed that the ‘‘flat-sour’’ thermophiles 
entered beet sugar with cossettes (shredded beets) and house water and 
developed on walls and in liquor in pan storage tanks. 

During the season of 1926, Cameron and Williams (1928) noted that 
sugar was an important vehicle in thermophilic contamination in corn 
canneries. They found ‘‘flat sours’’ in practically all the cane-sugar sam- 
ples examined and in numbers as high as 1,000 per 10 grams. Obligately 
anaerobic thermophiles were rarely found. In beet sugar ‘‘flat sours”’ 
were not often present, while thermophilic obligate anaerobes were found 
in larger numbers than in cane sugar; however, no hydrogen sulfide- 
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producing anaerobes were found. Cameron, Williams, and Thompson 
(1927) stated that sugar was the only definite external source of thermo- 
philic contamination in canneries processing corn and peas. Cameron and 
Yesair (1931) found several canners of corn and peas using sugar from 
one source that contained all three types of spoilage thermophiles. ‘‘ Flat 
sours’’ ran as high as 2,000 per 10 grams. These resisted 115°C.(239°F.) 
for 145 to 150 minutes in dilute pea purée, and for 70 to 80 minutes in 
the liquid from canned corn. 

McClung (1935a) stated that Homans found the reeognized groups of 
thermophiles in Belgian, Czechoslovakian, and Dutch sugars. Clark and 
Tanner (1937) showed the three types of thermophiles to be present in 
practically all of 91 samples of beet and cane sugar examined. Twenty- 
five of these samples were secured from a corn cannery. 

The establishment of bacterial standards for sugar was the outgrowth 
of this work on the relationship between the bacteriological condition of 
sugar and thermophilic spoilage of nonacid canned products. The bae- 
teriologists of the National Canners Association (N.C.A.) have done much 
work on this problem, and in 1931 published their first methods and 
standards for judging sugar used by canners; these were revised in 1932 
and again in 1933 (N.C.A. 1940). Their standards (for individual sam- 
ples) follow: 





Total thermophilic spores—not more than 150 spores per 10 grams. 

Flat-sour spores—not more than 75 spores per 10 grams 

Sulfide-spoilage spores—not more than 5 spores per 10 grams 

Anaerobie spores—no H,S—present in not more than 4 of the 6 
tubes containing a total of 4 grams sugar. 


Owen and Mobley (1935) suggested that bacterial contamination of 
sugar, other than by thermophiles, deserved more study. The numbers 
of mesophiles, yeasts, and molds remained an unknown quantity, although 
such organisms might cause serious difficulties in soft-drink plants and 
other non-sterilizing industries. Only bacteria survive the temperature 
used in manufacturing sugar; yeasts and molds gain access at the cen- 
trifugals or on the conveyors. Owen recommended tentative standards for 
mesophilic bacteria, yeasts, and molds in granulated sugar. He suggested 
a maximum of 50 mesophiles per gram of sugar. 

In a report to the N.C.A. Cameron and Esty (1941) listed the follow- 
ing results of the testing of sugar by N.C.A. standards—1936, 93.1 per 
eent of 564 samples passed; 1937, 94.6 per cent of 599 samples passed : 
1938, 86.6 per cent of 725 samples passed; 1939, 89.2 per cent of 897 
samples passed ; 1940, 94.1 per cent of 1,008 samples passed. 


EXPERIMENTAL PROCEDURE 
The sugar tested in this work was purchased at retail stores and mar- 
kets. Most samples were of the (commonly used) berry granulated sugar, 
but a few packages of fine granulated (bar and dessert) and raw eane 
sugar were bought. Both beet and cane sugar, packed in paper and 
cloth bags and in eartons, were tested. The paper bags were filled at the 
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stores or, in the case of one large chain of stores, at the central warehouse ; 
the cloth bags and cartons were factory packed. To get as thorough a 
survey as possible, only one- and two-pound packages were secured (not 
more than one of a kind in each store). Numerous samples were collected 
on trips around Los Angeles; each trip was made to a different neighbor- 
hood to reduce the possibility of duplication. The samples were numbered 
and the number, kind of sugar, and type of package were entered on a 
chart. 

From each sample 20 grams were aseptically weighed into a 250-c.c. 
Erlenmeyer flask. Sterile water was added to make 100 ¢.c. The sugar was 
completely dissolved by agitating and slightly warming the flask. For the 
mesophilic aerobes duplicate Petri plates of Standard Methods nutrient 
agar were inoculated with two ec.c. (0.4 gram of sugar) each of the sugar 
solution. Dextrose agar shake cultures were inoculated in duplicate with 
five ¢c.c. (one gram of sugar) each of the sugar solution for the determina- 
tion of anaerobie counts. These plates and tubes were incubated at 37°C. 
(98.6°F.) and counted after 48 hours. After these inoculations the sugar 
solutions were boiled for five minutes to destroy the non-sporulating organ- 
isms present. Sterile water was added to each flask to replace the water 
which had boiled away. Twenty c.c. (four grams of sugar) of each solution 
were then divided equally among six tubes of melted sulfite agar, Cameron 
(1938). The tubes were rolled as shake cultures. This medium is used to 
detect the presence of thermophilic anaerobes producing hydrogen sulfide. 
For other thermophilic anaerobes, 20 ¢.c. of the solutions were divided 
equally among six tubes of liver broth, Cameron (1936a,b). This medium 
was heated and cooled immediately before using to render it anaerobic. 
After inoculation and further cooling the medium was stratified with 
approximately 1.5 inches of sterile agar (1.5 per cent). An attempt was 
made to substitute for this liver broth the corn-liver medium described 
by MeClung and MeCoy (1934). A number of the sugar samples were 
inoculated into the corn-liver as well as the liver broth for comparison. 
The results with the corn-liver medium were not satisfactory. The quan- 
tity of inoculum used caused what appeared to be a hydrolysis at the top 
of the medium; actually it was merely the inoculum, which had risen to 
the top. Inoculation of an equal amount of sterile water gave the same 
apparent hydrolysis. In some eases small bubbles were seen along the 
sides of the tubes after 24 hours’ incubation, but the amount of gas was 
so small that it was difficult to tell whether it was produced by bacteria 
or was merely trapped air. This corn-liver medium is inexpensive and 
requires no seal for anaerobes, but it must be carefully prepared and auto- 
claved and is apparently not suited for the examination of sugar. 

For the detection of facultatively anaerobie thermophiles, including 
‘flat sours,’’ the tryptone medium described by Williams (1936), Cam- 
eron (1936a,b), and the N.C.A. (1940) was used. Two e.ec. of the sugar 
solutions were placed in each of five plates, using 10 ¢.c. in all. The inoeu- 
lated sulfite agar, liver broth, and tryptone medium were ineubated at 
59°C.(131°F.) for 72 hours, at the end of which time counts were made. 








0 


6 
uo}1Bd 
*(Mei) 








8 


u0}1 80 
‘(aug) 
eueg 


| 




















ore | O06 9°LL OSI OTIT 
| 0 0 I 0 T 
| ve | 2e +3 t ge 
| 
le | *°6 greg | oL vil 
0 ; | & | O L 4 
él tL |= 6ST G 3G 
= } i 
| | 
Lg LIL | 6@L | GL 6°81 
0 T | § 0 T 
a 02 | 91 | 8 &3 
9¢ 8€é Lx ? | 8& 
a — | ee Se 
3B seq seq seq 
‘one wen | soded qojo aoded 
. ‘auep | ‘oun | ‘jog ‘yoo 
1aulv}U0D puB aBsNns jo eddy, pitti 








swing polayg paufay ur 





- "ud OT Jed vtioqoNqg ‘AY 
ieee pivpurysqng Peer Ar Sa epee E erate Meng t Seas one ntas vote ont) 
eorccereccreccccccccecs “-soTdures dAT}ISOd 


Heeecccesecocccccooor ns B OT ied BL19}IVq ‘AV 


pevenesonpeonontes<onmauaiiaaaaay pavpurysqng seeeee 





yuo SINOS 4ely 


| wonsscencesonene ees @AT}ISOg 


poosccccccccosccoooor eR OT rod Bl1o}oVq "AY 





teeseeeeeeerorrreereoT Tues PIBpURIsqNg |!" "saqolevUB BAT}E}[NIBJ PUR seqoley 


:S1ewAOJai1ods oirydoutsey yf, 


sreseereesserersereeQasgy So[duRs JO JaquINN 





BLiajRg 


| 


MiLa~vg 2qQo1aP pud an4nznoOvDg 


T WIavb 

















BACTERIOLOGICAL STUDIES OF REFINED SUGARS 119 


Controls with known organisms were run to show that the media were not 
faulty. 


RESULTS 

The results were grouped according to the kind of sugar and manner 
of packaging and are summarized (Table 1). Aerobes or facultatively 
anaerobic thermophiles, including ‘‘flat sours,’’ were present in 50 per 
eent, or 75 of the 150 samples tested. Not shown in Table 1 are the 
hydrogen sulfide-producing anaerobes, which occured in only two, or 1.33 
per cent, of the samples, and other anaerobic thermophiles present in 
four, or 2.66 per cent, of the samples. Seven samples exceeded the stand- 
ards of the National Canners Association; of these, six were cane and one 
was beet sugar. Two samples did not meet Owen’s suggested standard for 
mesophiles; both of these were from paper-bagged sugar. The average 
eount on sugar in cardboard cartons was much lower than on that in 
paper and cloth bags. Paper bags are usually filled by hand and are sub- 
ject to contamination. The two-pound cloth bags offer a poor barrier to 
the entrance of bacteria. A more detailed analysis of these bacterial 
counts is given by Wolk (1941). 

A comparison of these results with those of previous workers, who 
tested cannery grade sugar, will show that the bacteriological quality of 
refined sugar has improved. 


SUMMARY 
Using the methods of the National Canners Association 150 samples of 
beet and cane sugar, packed in one- and two-pound paper, cloth, and ecard- 
hoard containers, were tested for thermophilic bacteria. In addition counts 
were made of mesophilic bacteria. The sugar was purchased at random 
in retail stores in Los Angeles; presumably no two samples were from the 
same lot or shipment, but there is no definite assurance of this fact. The 

results are summarized (Tables 2 and 3). 


TABLE 2 


Bacteriological Quality of 150 Samples of Retail Sugar 
Selected at Random 


- Samples | Percentage 
I re i, SG ai ciiesconcavcinosieciienienesststonstovensocsooss 143 95.33 
Passing Owen’s suggested standard.........cccccccceeseeeeseeeeees 148 98.66 i. 

TABLE 3 


Occurrence of Various Spoilage Thermophiles in 150 Samples of 
Retail Sugar Selected at Random 








Samples Percentage 
All aerobes and facultative anaerobes...............ccccceeeeeeeeeeee 75 50.00 
Flat-sour, facultative anaerabes,..............c.cccccccccsesssccsssssseees 66 44.00 
Non-flat-sour facultative amaerobes............ccccccccccccccssseeresees 26 17.33 
H2S producing, obligate anaerobes.........cccecssceceeesseesereeees 2 1.33 


Non-H.S producing, obligate anaerobes...............ceeeeeceeeeee + 2.66 














120 JACK WOLK AND WINSLOW WHITNEY SMITH 


CONCLUSIONS 
Sugar sold at retail is of as high quality, bacteriologically, as that used 
in commercial canning of nonacid foods. The housewife is afforded great 
protection against sugar-borne spoilage bacteria. The use of cardboard 
cartons seems to offer more protection from contamination than do other 
methods of packaging. 
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Many of the riboflavin-rich natural foods, such as milk, cheese, and 
the glandular meat products, are either rationed or likely to be in the 
near future. Consequently, in the future greater reliance must be placed 
upon vegetable foods which can supplement the restricted supply of 
riboflavin-rich animal foods. Since lettuce is a readily available and com- 
monly used leafy vegetable, its riboflavin content is of particular interest. 
A review of the literature, however, revealed rather limited data concern- 
ing the riboflavin content of lettuce. 

Poe and Hartman (1940) concluded from feeding Colorado head 
lettuce to rats that both the outer and inner leaves contained 55 to 67 
Sherman units of riboflavin per 100 grams. Cheldelin and Williams 
(1942) found the riboflavin content of lettuce to be 27 micrograms per 
100 grams. Munsell (1942) studied lettuce by the rat-growth method and 
concluded that it contained less than 0.25 microgram of riboflavin per 
gram. Hodson (1940) found 0.48 microgram of riboflavin per gram for 
head lettuce, 0.96 for stemmy lettuce, and 0.71 for leaf lettuce. Wilson 
and Roy (1938) report that lettuce grown in India contained 116 micro- 
grams of riboflavin per 100 grams. Flavier and Genevois (1939) found 
from 60 to 80 micrograms of riboflavin in the inner leaves and 30 to 80 
micrograms per 100 grams in the outer leaves of lettuce. 

Several of the investigators stated that the lettuce studied was pur- 
chased in local markets. Thus the reported results may indicate the ribo- 
flavin value of lettuce obtained from stores, but it is questionable whether 
or not they supply accurate information concerning the riboflavin content 
of lettuce that the farmer and home gardener consume shortly after it is 
removed from the ground. Since the above-mentioned authors studied 
lettuce grown in America, France, and India, it is possible that the lettuce 
under investigation was produced under a wide variety of conditions. In 
this connection it may be noted that Holmes and Tripp (1933) as well as 
numerous investigators cited by them, called attention to the pronounced 
effect of soil, fertilizer, and climatic conditions upon the chemical compo- 
sition of plants. In view of the limited amount of information available 
and the lack of agreement of data reported in the literature it seemed 
desirable to accumulate additional data concerning the riboflavin content 
of lettuee. 

EXPERIMENTAL PROCEDURE 

The lettuce used in this study was grown on the College Farm under 

conditions quite typical for this locality. According to Emerson (1897) 
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the area upon which the lettuce was grown is the bottom of the Hadley 
Postglacial lake. The alluvial soil is supposed to be a modified drift and, 
in the opinion of Gordon (1943),? accumulated during a late stage in the 
waning of the ice sheet. Beaumont (1943a,b) states that it is glacial out- 
wash material classified as a Merrimac fine sandy loam. Two feet or so 
below the surface is a layer of gravel which provides satisfactory drainage 
of the top soil at all times. 

For the past five years the soil had been fertilized with a special mix- 
ture of sodium nitrate, ammonium sulfate, ammonium phosphate, and 
potassium chloride applied at the rate of one ton per acre and with 1,000 
pounds of limestone per acre. Each of the first three ingredients furnished 
one-third of the nitrogen. The limestone supplied calcium and neutralized 
the soil acidity. The soil upon which the lettuee was grown had a hydro- 
gen-ion value of pH 4.4. 

The climatie conditions for the six weeks or more that the lettuce was 
growing are reported by Gunness (1943) as follows: rainfall for May, 
5.62 inches and for June, 2.38 inches; temperature (Fahrenheit) for May, 
maximum 84°, minimum 31°, average 57.8° and for June, maximum, 95°, 
minimum 48°, average 71.1°; bright sunshine for May, 374 hours and for 
June, 356 hours. These climatic conditions were quite similar to normal 
except that the normal rainfall for May is 3.6 inches. 

Boston head lettuce was used for this study. The seed was sown in the 
greenhouse on April first and the young plants were transplanted in the 
field on May first. 

Ordinarily this type of lettuce is not marketed until it has formed com- 
pact heads and then the outer leaves are largely removed. In this study 
the immature lettuce was picked during a three-week period, just before 
it began to form heads. At this stage all the leaves were spread out and 
exposed to light and sunshine, a condition quite different from that exist- 
ing when the lettuce has developed fully formed heads. The plants were 
pulled from the ground early in the morning and taken to the laboratory 
where they were washed free from any soil. The entire leafy portion of 
each plant except the lower part of the midribs of the leaves was used. 
The individual leaves were dried by patting gently with cheesecloth. The 
leaves were then piled one upon another and tightly rolled to produce a 
eylinder that could just be held in the hand. Small particles were eut with 
shears from the cylinder directly into the extraction flask. Crisp, freshly 
picked lettuce wilts rapidly when finely cut but in this instance dehydra- 
tion was eliminated, for the lettuce was in the extraction flask within 10 
minutes after it reached the laboratory and within 20 minutes after it 
was pulled from the ground. 

The riboflavin was released from the lettuce by acid extraction. About 
50 grams of lettuce were extracted with 100 c.c. of 0.25 N sulphurie acid 
on a hot plate under a reflux condenser until the particles of leaves were 
disintegrated. The length of the extraction period varied according to 
conditions. If particles of lettuce tended to remain on the surface of the 


?Gordon, Clarence E., Professor of Geology and Mineralogy, Massachusetts State 
College. Personal communication. 





RIBOFLAVIN CONTENT OF IMMATURE LETTUCE 123 


boiling extraction liquid in spite of vigorous shaking of the flask, the 
extraction period was lengthened. In general, the extraction period was 
about three hours but the particles of lettuce leaves were reduced to pulp 
in much less time. 

The extraction mixture was cooled, treated with sufficient 6.5 per cent 
trisodium phosphate solution to produce a pH of 6.8, and filtered. A 
100-e.c. aliquot was placed in a 200-c.c. volumetric flask. Two cubic centi- 
meters of stannous chloride (prepared by dissolving 10 gm. of stannous 
chloride in 25 e.e. of concentrated hydrochloric ae‘d and diluting one e.c. 
of the mixture to 200 ¢.c. with distilled water) and two e.c. of sodium 
hyposulphite solution (prepared by dissolving one gm. of Na.S,0,-:2H.O 
and one gm. of NaHCO, in 20 c.c. of ice-cold distilled water) were added 
to reduce all the materials which produce fluorescence. The mixture was 


TABLE 1 
Riboflavin Content of Immature Massachusetts Lettuce 


Weight Extracted | Riboflavin 
mgm. gm. | z mgm./ 
100 gm. . 100 gm. 


27.5 155 62.1 3. 105 
41.6 y 113 | 54.9 $i 126 
34.9 | ; .139 47.5 3. 113 
63.5 | . | 150 : 49.8 3.2 114 
63.4 3. | 109 44.3 3.3 122 
63.2 | 2. | 130 : 54.8 3.: 125 
61.9 Ss | 1 60.4 3.5 105 
| 59.2 3.0 | 1135 60.4 3.5 127 
| 649 | 3.0 118 Av. .124 


Sample Se le - ov , P 
= ‘ No. Weight Extracted Riboflavin 








gm. 





made up to 200 ¢.c. and the riboflavin was reoxidized. Subsequently three 
50-e.c. aliquots were used for the riboflavin determination. One aliquot 
‘*©’’ was reduced with one e.c. of the sodium hyposulphite solution and 
served as a negative control. One e.c. of standard riboflavin solution was 
added to the second aliquot ‘‘B’’ and this served as a positive control. 
One c.c. of distilled water was added to the third aliquot ‘‘A’’ to produce 
equal volumes for all three aliquots. Ten c.c. of each aliquot were trans- 
ferred to cuvettes for fluorometric assay.* By reading the negative control 
‘*C’’ both before and after reading sample ‘‘A’’ and aliquot ‘‘B,’’ one 
ean detect and check any change in electric current, setting of the instru- 
ment, or other mechanical factors which would affect the accuracy of the 
reading of the sample; but such constant checking of the instrument is not 
possible when one relies upon a reference curve for interpreting the read- 
ing of the samples. 

The values of ‘‘A,’’ ‘‘B,’’ and ‘‘C’’ supply data for computing the 
riboflavin content of sample ‘‘A.’’ Throughout the analytical procedure 
every precaution was taken to prevent destruction of riboflavin. Since 
riboflavin may be destroyed by light [Hogan and Hunter (1928) ; Supplee, 
Ansbacker, and Bender (1935); Gyérgy (1935); and others], amber 


*Coleman Universal spectrophotometer fluorometer. 
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glassware was used and the assays were made in a specially prepared 
semibasement laboratory. All daylight was excluded by light-impervious 
paper, and the 100-watt Mazda bulbs were surrounded with long metal 
cylinders that prevented direct light reaching the laboratory tables at the 
side of the room. Light-meter measurements of the light intensity at the 
site of the precipitation, filtration, and other assay procedures showed from 
one- to two-foot candle power. 
RESULTS 

The results of riboflavin assays of 17 samples (Table 1) show that the 
riboflavin content of lettuce varied from 0.105 to 0.155 mgm. and averaged 
0.124 mgm. per 100 gm. While an attempt was made to use lettuce plants 
of the same size and stage of maturity, it is quite evident that plants of 
immature lettuce differ significantly in their riboflavin content. Conse- 
quently, many more data will be required before the variation in the 
riboflavin content of lettuce grown under the conditions described can be 
correlated with any of the factors which influence the rate of growth or 
the composition of the lettuce. This value, 0.124 mgm. of riboflavin per 
100 gm., is much higher than the values reported by the investigators 
cited above. It is possible that this higher value is partly due to the fact 
that, in this study, the lettuce was assayed within a very short time after 
it was removed from the ground, whereas that studied by other investi- 
gators was obtained from local markets and probably was harvested hours 
and possibly days earlier. The higher value reported here may be due 
also to the immature stage of development of the lettuce, whereas that 
discussed by others was doubtless fully grown. 

It is interesting to compare the value, 0.124 mgm. of riboflavin per 
100 gm. of lettuce, with the riboflavin content of milk, a food which is 
quite generally recommended as an excellent source of riboflavin. Holmes 
and Holmes (1943) found that December, January, February, and March 
milk contained 1.45, 1.50, 1.49, and 1.46 mgm. of riboflavin per liter; and 
Holmes, Jones, Wertz, and Kuzmeski (1943) reported that raw milk con- 
tained 1.51 + 0.09 mgm. of riboflavin per liter and corresponding pas- 
teurized milk, 1.48 + 0.01 mgm. The cows producing the milk were fed 
forage crops grown on soil similar to that which produced the lettuce 
under discussion. Hence, a comparison of the riboflavin content of the 
lettuce and milk in the present instance may have greater significance 
than a comparison made between the riboflavin content of the lettuce under 
investigation and that of milk produced in different localities. When the 
value for milk is converted to the same basis as that of lettuce, the com- 
parison becomes 0.150 mgm. of riboflavin per 100 gm. of milk and 0.124 
mgm. of riboflavin per 100 gm. of lettuce; in other words, the immature 
Boston head lettuce used in this study contained more than 80 per cent 
as much riboflavin as the milk produced on the same farm. From a prac- 
tical standpoint this comparison is applicable only to a limited extent be- 
cause it is impossible for a person to conveniently consume as large an 
amount of lettuce daily as he ordinarily could consume of milk. However, 
it is quite evident from the results of this study that immature Boston 
head lettuce grown under the conditions described is an excellent vegetable 
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source of riboflavin for supplementing the decreasing amount of foods of 
animal origin. 
SUMMARY 

Since the available supply of riboflavin-rich foods of animal origin is 
being curtailed, it is desirable to assess the riboflavin value of common 
vegetables. Lettuce is reported to be relatively rich in riboflavin but the 
literature consulted contained limited data which indicated market lettuce 
contains from 27 to 116 micrograms of riboflavin per 100 gm. In this study 
immature Boston head lettuce grown under known soil, fertilizer, and 
climatic conditions was assayed. Seventeen samples gave an average value 
of 0.124 mgm. per 100 gm. Thus this immature lettuce contained over 80 
per cent as much riboflavin as milk produced by cows that consumed forage 
crops grown on similar soil. Obviously lettuce cannot be consumed in as 
large amounts as milk, but immature lettuce of this type should serve as 
a valuable supplement for the decreasing riboflavin-rich animal foods 
available for human dietary. 

The author acknowledges with appreciation the assistance of Prof. 
Walter S. Eisenmenger and Mr. Karol J. Kucinski of the Agronomy De- 
partment in supplying the lettuce used in this study. 
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The utilization of powdered-egg products in food industries has greatly 
increased during recent years. Dried whole eggs, because of their im- 
portance in the human dietary and because of their convenient form for 
shipping to distant markets, have an important place in the war emergency 
program. In normal times, dried egg yolk has been extensively used by 
commercial ice cream manufacturers because of its beneficial effect upon 
mix whipping and the color and flavor of the finished product. 

The literature contains little information regarding the keeping quality 
of either powdered whole egg or egg yolk. That powdered whole milk 
deteriorates upon storage especially at high temperatures has been pointed 
out by Hollender and Tracy (1942). Since egg yolk contains a high fat 
percentage, it is to be expected that certain changes will also occur in the 
chemical and physical properties of both dried egg yolk and whole egg 
during storage. Such information could be of importance to commercial 
food manufacturers who find it desirable to purchase their dried-egg sup- 
plies months in advance. 

The primary purpose of this investigation was to determine the effect 
of various storage temperatures upon the keeping quality of powdered 
egg yolk as related to its use in commercial ice cream manufacture. 


EXPERIMENTAL PROCEDURE 

Four samples of spray-dried, powdered egg yolk were used. Sample A 
was manufactured in Missouri during the month of July. Sample B was 
produced in Texas, Sample C was made from New Jersey eggs, and Sample 
D came from Nebraska. The last three samples were produced during the 
months of May and June, 1941. 

When received, the powdered eggs were analyzed for bacteria and total 
solids. The eggs were then packed into sterilized, one-pound, sanitary, 
enameled tin cans and sealed at atmospheric pressure. Samples of each 
powder were stored at temperatures of —20.6 to —28.9, 4.4, 21.1, and 
32.2°C.(—5 to —20, 40, 70, and 90°F.). A sample of the powdered eggs 
was then analyzed for the following factors: percentages of fat, ash and 
protein, pH, and solubility. The percentage of fat, ash, and protein were 
determined by the methods described in the Official and Tentative Methods 
of Analysis of the Association of Official Agricultural Chemists. The pH 
was determined on a 10-per cent solution of egg in previously boiled and 
cooled distilled water, using a Beckman potentiometer. The milliliters of 
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insoluble material were determined by the method described for determin- 
ing the solubility index of milk powders by the American Dry Milk Insti- 
tute.2, The complete analyses of the four samples before storage are given 
(Table 1). 


TABLE 1 
_ Composition of Four Samples of Powdered Egg | Yolk Before Storage 





























| Total ee | Insolu- | 
Sample pH Protein Fat be Ash bacteria = ble Flavor 
|Per gram |Per gram| material 
| pet. | pet. pet pet. } a ae 
| Seen | 6.50 | 32.30 | 54.30 | 95. 55 2.47 | 420 | 110 4.5 Very good 
Se | 6.45 33.50 | 52.37 95.94 2.72 4,000 1,300 7.0 | Good 
_ 6.20 32.42 54.80 97.20 2.81 800 10 8.0 Good 
ee | 6.95 41.50 35.45 | 94, -00 3.97 | 140 50 5.0 Excellent 


Samples A, B, and C were approximately of the same composition. 
Sample D, which was a mixture of egg yolk powder and dried skim milk, 
contained a higher protein and ash content and a lower fat content than 
the other samples. It was noted that this sample was heavily seeded with 
mold. 

All samples of powdered egg yolk were judged for flavor, odor, and 
color. The powder was then used as a constituent of ice cream mix con- 
taining 14 per cent fat, 10 per cent serum solids, 0.4 per cent egg powder, 
0.35 per cent gelatin, and 15 per cent sugar. A control mix was also made 
using exactly the same products excepting the egg powder. The mixes 
were pasteurized at 71.1°C.(160°F.) for 30 minutes, homogenized at 2,000 
pounds pressure using a single-stage type of homogenizer, and then cooled 
to 4.4°C.(40°F.). Basie-mix viscosity determinations were obtained after 
24 hours, using a 50-milliliter pipette. The mixes were frozen on a counter 
freezer. 

Temperature and overrun determinations were made at one-minute 
intervals. All ice cream samples were drawn at approximately —3.9°C. 
(25°F.) and 100 per cent overrun. After 24 to 48 hours the ice cream 
was judged for body, texture, flavor, and melt-down characteristics. 

Periodically during a period of 18 months, sets of the powdered-egg 
samples were analyzed for pH, solubility, total bacteria per gram, flavor, 
odor, and color. Tee cream mixes were made with each powder stored at 
the various temperatures. 

EXPERIMENTAL RESULTS 

Analysis of the samples of egg powder as determined periodically dur- 
ing the 18 months’ experimental period are given (Table 2). 

The temperature at which powdered egg yolk is stored was found to be 
very important. At room temperature or above the powder underwent a 
rather rapid change as indicated by a marked decrease in pH and increase 
in amount of insoluble material present. Color became less golden, chang- 


*American Dry Milk Institute Ine., Chicago, Illinois. The Grading of Dry Milk 
Solids. 
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TABLE 2 
Analysis of Four Samples of Powdered Egg Yolk After Periods of 































Storage at Different Temperatures 
— Total | 
Storage time pH material | bacteria | Flavor Color 
(ml) |Per gram| 
SAMPLE A 
(Stored at —5 to —20°F.) } 
DG OTR scsisicscccecensccsntessson | 6.50 4.5 420 | Very good | Golden yellow 
After 6 weeks... .| 6.50 4.5 400 | Good | Golden yellow 
BPtet TS WOGKS......:s<ciecsscoosssses 6.28 | 7.62 600 | Good Golden yellow 
Avior S4 WeGKS....<...:<0..-:.000<0. 6.02 | 7.6 700 | Good Golden yellow 
RP ter BS WOCEB.....2c-scoscecceesvsss 6.15 9.0 1,000 | Good | Golden yellow 
BEGCF BE WONG cosesccccsssecsseseeis 5.79 75 2,100 | Good Golden yellow 
APGCr 73 WOCER ..isiscnces0seceseses 6.31 8.0 1,500 | Good Golden yellow 
(Stored at 40°F.) 
BEE C6 WOCER oacccceessccvescscceee 6.40 5.0 480 | Good | Golden yellow 
RAVOE TE WOCRBs.ccccisivecsesesseeess 6.20 8.5 300 | Good | Yellow 
After 24 weeks.... 6.05 8.5 1,300 | Good | Slightly discolored 
After 36 weeks.... ned G.E5 9.0 1,100 Good | Slightly discolored 
APier GE WEERE: 5.0000 0<cccoscoesse0s 6.27 8.5 900 | Fair | Slightly discolored 
After 72 weeks. .................000 6.25 9.5 400 | Fair | Slightly discolored 
(Stored at 70°F.) | 
After 6 wWeek8..........ccsscsse0+: 6.35 | 5.0 200 | Good | Yellow 
TUE TE WOE 5 -0ccscsseccecsevesved 6.08 8.75 300 | Fair Yellow 
Biter SE WECES....00000000s<0000000 5.87 8.75 500 | Fair Definitely discolored 
After 36 weeks...............s0000 5.91 9.0 300 | Stale Definitely discolored 
| (brown) 
RDS BE WOR oiascisscsccccessensces 5.87 | 9.0 100 | Stale Definitely discolored 
: (brown) 
BLS FE WOCRB . ccccisscenseccsssoevs 5.90 | 13.0 | 200! Stale Definitely discolored 
(Stored at 90°F.) (brown) 
After 6 weeks. 6.26 8.0 200 | Slightly bitter | Yellow 
After 12 weeks. 5.95 8.5 100 | Stale Dead yellow 
After 24 weeks. ‘ 5.80 9.5 700 | Very stale | Definitely discolored 
REUSE SC WOCES....00ess5ssseneseers | 5.81 9.5 200 | Very stale Definitely discolored 
(brown) 
BPtOr BE WOGKS....00<i0cccrereeveesee 5.86 8.5 500 | Very stale | Definitely discolored 
(brown) 
BRPber TE WOCKB....56050<<c0000000008 5.80 | 12.5 0. Very stale Definitely discolored 
(brown) 
SAMPLE B 
(Stored at —5 to —20°F.) | 
I ooircoc so siececnvecinceiee 6.455 7.0 4,000 Good Golden yellow 
BTGCY GC WOCERB sncciccscevescsessscene 6.35 7.0 200. Good Golden yellow 
BSbr TE WOEMB a. ccccrcescevsesseces 6.20 8.0 900 Good Golden yellow 
BTGOT SE WOGES...0.06scsececcveseseees 6.20 8.0 2,240 | Good | Yellow 
Bitter SB WeGKS..cccccsveccccssesseses 6.39 8.0 1,850 | Good Yellow 
BPNCr GE WOE occcccsecveosccccvese 6.55 8.0 4,000 | Good Yellow 
BEGG TE WOT siccccccsccccsesvecees 6.50 9.0 1,200 | Good Yellow 
(Stored at 40°F.) 
BEGCr GB WOCEB ve svccesscsseseseseoves | 6.35 7.8 300 | Good Golden yellow 
PCOr TS WOCKG :.<cecsssccssssseeee | 6.10 | 8.0 160 | Good Golden yellow 
After 24 weeks..............0c.00e0 | 6.10 8.5 1,240 | Fair Yellow 
RECCT BG WORE sic ciecsscsceccssveses 6.32 8.5 1,080 | Fair Yellow 
After 52 weeks..................:... 6.40 9.0 1,900 | Fair Yellow 


RECCT TE WOGER. ccciccesesecseesceses 6.32 9.0 500. Fair Yellow 
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TABLE 2 (Continued) 


Analysis of Four Samples of Powdered Egg Yolk After Periods of 
Storage at Different Temperatures 


| Insolu- 


























| ble Total 
Storage time pH material bacteria Flavor Color 
(ml.) per gram 
(Stored at 70°F.) 
After 6 weeks................. 6.30 | 9.5 | 500 | Good Golden yellow 
After 12 weeks................ 6.20 9.5 100 | Slightly stale Slightly brown 
After 24 weeks.............. 6.15 9.5 90 | Stale Slightly brown 
After 36 weeks.............. 6.08 9.5 20 | Stale Light brown 
After 52 weeks.............. ..| 6.00 11.0 | 0 | Stale Light brown 
RPCOT TS WEB vsiccscesicsiesscciors 6.03 | 14.0 200 | Stale Light brown 
(Stored at 90°F.) | 
After 6 WOR oss ccccesscsece 6.30 | 9.5 | 900 | Good Golden yellow 
BPber TS WO ovscciccccsccevesecse 5.85 | 10.5 | 30 | Slightly stale Slightly brown 
APbO SE WOGB <..cscccsccceccesoesss 5.85 | 10.5 50 | Stale Brown 
ee ee 5.93 | 10.5 | 10 | Stale, bitter Brown 
BPbOr SE WCB. xiscscccncseesieces 5.85 | 13.0 | 0 | Stale, bitter | Brown 
After 72 WeekS......c.c.c.sessse0e- 5.85 | 13.0 | 100 | Stale, bitter Brown 
SAMPLE C | 
(Stored at —5 to —20°F.) | 
iris teicesstntininands 6.20 | 8.0 | 800 | Excellent Yellow 
BECCE DW osvcccivsccccvccsvcscos 6.00 9.0 200 | Good | Yellow 
EWC TE GI orcscssiccscsicpessed 5.70 9.0 1,200 | Good | Yellow 
Attar SE Wetlet..n....cecs<seeseeses 6.12 8.0 1,200 | Good Yellow 
After 32 Weekls.......:0cseccccoccooses 6.00 7.0 500 | Good Yellow 
After SE Weeks.........<ccscvscsssse | 6.05 8.5 300 | Good Yellow 
RTC CE FO NR ca ccccscesciecsiesonrs | 6.10 | 13.0 1,100 | Good Yellow 
(Stored at 40°F.) | 
After 6 WeekS......c.ccecssseeees 6.02 | 9.0 500 | Good | Yellow 
After 16 Weeks... 5.72 | 9.5 1,200 | Good Yellow 
After 28 weeks...........:.s.:sss000 6.10 | 8.0 900 | Good Yellow 
After SE WOGKS...-cccccsvscsocsorooss 5.95 7.5 400 | Good Yellow 
After SE Weclis.........<eccsssescese 6.23 10.0 500 | Good Yellow 
Alter TO WOOO. n..sccesscsiessescesss 6.05 | 12.0 | 1,100 | Good Yellow 
(Stored at 70°F.) | | 
BECCR GG icc ccssssccccescics 6.05 | 9.0 700 | Slightly stale | Yellow 
After 16 weeks....................... | 5.72 | 9.5 500 | Stale . Slightly discolored 
RE bOe SB WONG so nciccsacscesssceces 6.00 7.5 } 500 | Stale Light brown 
After 32 weeks...........0..ccccccse: | 5.88 | 7.5 | 200 | Stale | Light brown 
PT CeP TE PIB sissoncecenceccscis 5.78 8.5 400 | Stale | Light brown 
Alter TO WOGME. ...ssccenccccscosccse 5.82 |14.0 | 400 | Stale Light brown 
(Stored at 90°F.) 
A ee 6.00 | 10.0 1,200 | Slightly stale Slightly discolored 
After 16 weeks......... | 5.60 10.5 700 | Stale Dead yellow 
ALter SE WOO. nccicnsnnscesovsses | 5.89 7.5 100 | Stale Brown 
After 32 Week3.........sssssssseeee4 5.71 | 7.5 | 100 | Stale Brown 
After 52 weeks.........cccccccoeeeee] 3272 8.5 200 | Stale Brown 
After 70 weeks...................... | 5.78 13.5 100 | Fishy Brown 
SAMPLE D 
(Stored at —5 to —20°F.) | 
kN Netter Bie teen | 6.95 5.0 140 | Excellent Light yellow 
a. ee | 6.88 | 8.0 4,000 | Good Light yellow 


After 18 weeks...............:.0000- | 6.79 8.0 | 10,000 | Good Light yellow 
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TABLE 2 (Concluded) 


Analysis of Four Samples of Powdered Egg Yolk After Periods of 
Storage at Different Temperatures 





l 
ee | Total | 
Storage time ' pH | materia) | bacteria Flavor Color 


(ml.) |Per gram 

















After 24 weeks................... 6.80 | 2a | Good Light yellow 

After 40 weeks................... 6.90 | 9.25 38,000 | Fair | Light yellow 

RPOr TE WOGKES....250:0css0ccsvees | 6.90 8.5 | 45,000 | Fair Light yellow 
(Stored at 40°F.) 

After 8 WeekS......cccc:cs 6.90 | 9.0 7,000 | Good Light yellow 

After 18 weeks... 6.90 | 9.0 10,000 | Good Light yellow 

MPter BA WOGKR......0000000:6005-, | @O5 | MOM fF kctn | Fair Light yellow 

Biter GO WOGEB. .ocicceccsssecsis.. 7.00 | 9.25 21,600 | Fair Light yellow 

MEGOE TE WOOME.....ccsccccvevscess | 6.90 7.0 | 26,000 | Fair Light yellow 
(Stored at 70°F.) | | 

Aster 8 WeOKS......<<:00<<.0000. 6.90 | 9.0 15,000 | Slightly stale Light yellow 

After 18 weeks...........000..... 6.85 10.5 7,500 | Stale Slightly discolored 

After 24 weeks.................... C75 | WOR | ccstccss | Stale Slightly diseolored 

After 40 weeks... 6.50 16.0 | 5,200 | Stale Slightly discolored 

BPCer TE WOGES.....05.50sccccsse- | 6.50 13.0 | 7,000 | Stale Slightly discolored 
(Stored at 90°F.) 

PS ee 6.88 | 9.2 32,500 | Slightly stale Slightly discolored 

After 18 weeks.................... 6.70 | 11.0 5,000 Stale Strongly discolored 

After 24 weeks................00 6.57 i a rr Stale, bitter Strongly discolored 

RPtor 46 WOGES.....0.6.:60000..... 6.25 113.0 | 600 | Stale, bitter Strongly discolored 

BPO TE WOCEB a... 0sccccciceccss 6.28 16.0 | 700 | Stale, bitter Strongly discolored 





ing from a deep yellow or orange to a dead yellow shade. The flavor of the 
product also became less desirable. Changes occurring at 40°F. or lower 
were slight. The sample containing the skim-milk solids deteriorated more 
rapidly during storage than any of the all-egg-yolk samples. 

It was interesting to note that in the case of all samples the bacteria 
present were somewhat inactivated by storage at room temperature or 
above. In general, the counts were higher on the samples stored at 40°F. 
or lower. 

COMPARISON OF POWDERED EGG YOLK IN ICE CREAM 

No attempt will be made to present the data secured in connection with 
the use of powdered egg yolk in ice cream. Storage at any of the tempera- 
tures studied did not prevent the egg yolk from improving mix whipping. 
The storage of the egg yolk did not change the way in which it affected the 
body of the ice cream or its melt-down characteristics. Though discriminat- 
ing judges were able to detect a slight difference in the flavor of ice cream 
when using egg yolk stored for three months at 90°F., most consumers were 
unable to detect any difference. This was true even after the egg yolk had 
been stored for 18 months. The off-flavor that developed in the egg yolk 
stored at room temperature or above, while very evident when the yolk was 
judged undiluted, was not a serious factor when the yolk was added to the 
mix at the rate of 0.5 per cent. For best results, however, it would be 
better to store the dried egg volk at 40°F. or lower, unless it is to be used 
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within three months. A low storage temperature is more important in the 
ease of an egg-yolk and milk-powder combination because of the more rapid 
development of a stale storage flavor in a mixture of this type. 


SUMMARY 


The data obtained may be summarized as follows: 

At room temperature or above the pH of powdered egg yolk decreased 
as the time of storage of the powder increased. Little change took place 
at 40°F. or lower. 

The solubility of egg yolk decreased in storage particularly at the 
higher storage temperatures. 

The total bacteria count tended to decrease as the temperature and 
time of storage increased. Samples of egg powder stored at —5°F. (below 
zero) had a higher plate count per gram than samples stored at 90°F., 
even after a storage period of one and one-half years. 

In samples stored at room temperature or above a distinct color change 
was evident at the end of six weeks, becoming more pronounced as the 
storage time increased. There was a direct relationship between the tem- 
perature of storage and the color of the powdered egg. Dried eggs stored 
at 40°F. or below retained their color better than eggs stored at higher 
temperatures. 

Powdered egg yolk stored at or above 70°F. developed a stale flavor 
after six to 12 weeks of storage. The degree of undesirable flavor developed 
was proportional to the time and temperature of storage of the powder. 

Powdered egg yolk deteriorated rapidly when milk solids were present. 

While the best-flavored ice cream resulted when using powdered egg 
yolk stored at 40°F. or lower, that stored at temperatures as high as 90°F. 
for 18 months was used to the extent of 0.5 per cent in mix without serious 
effect upon the flavor of ice cream. 

The time and temperature of storage were not found to be related to 
the effect that egg volk may have upon the whipping properties of the mix 
or the melt-down characteristics of the ice cream. 
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A new study of the nutritive properties of prunes was undertaken in this 
laboratory recently, to determine more definitely the place of this cheap and 
abundant fruit crop in the diet and to discover effects of methods of storage 
and handling on these properties. The study was divided into three parts: 
(1) the assay of freshly harvested and variously stored prunes for vitamin 
content; (2) the determination of the anti-anemia value of prunes and 
prune products; and (3) the evaluation of prunes and prune paste as a 
constituent of dog foods. The results of each of these studies are reported 
separately, and this paper covers only the first. 

Prunes from the crops of 1938, 1939, 1941, and 1942 were used, nearly 
all of the French type and all grown in northern California. 

The 1938 prune samples were commercial fruit, all produced in the 
Santa Clara valley by one grower.* They were French prunes, dehydrated 
at 73.9°C.(165°F.), humidity 105-110, for 24 hours, were not lye-dipped, 
and had been stored in bins for 10 months. Two sizes were used, 50-60 
and 120 to the pound, in order to detect any changes in vitamin concen- 
tration owing to size of fruit. 

The 1939 samples, all of size 50-60 per pound, were taken from a 
large mixed shipment,‘ also largely grown in the Santa Clara valley, were 
mostly but not all dehydrated, and were used for the experiment in the 
use of prune-pit oil as a protective spray for the fruit during storage as 
well as for vitamin assay and other purposes. 

The 1941 prunes came from the Napa and Santa Clara valleys, and 
the 1942 fruit from Walnut Creek. 


PREPARATION AND USE OF PIT OIL 


The pits were removed from dried prunes by hand in the laboratory, 
crushed in a grinder, and extracted twice with 10 times their volume of 
ethyl ether. Practically all of the oil extracted was removed by the first 
lot of ether. This proved to be a light reddish oil of pleasant odor and 


This study was made possible by a grant from Prune Proration Zone No. 1 to the 
University of California. 

* Assistance in this study was rendered by Work Projects Administration Official 
Project 65-1-0862, Unit A-24, assigned to the University of California. 

* Our thanks are extended to N. C. Leone, California State Department of Health, 
for securing these samples, and to the grower, Douglas Sim, San Jose, California. 

*We acknowledge with gratitude the assistance of Libby, McNeil and Libby of San 
Francisco and Oakland in procuring, treating, and storing the prunes used in this 
experiment. 
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taste. The yield was about seven per cent of the crushed pits and kernels. 
The color was chiefly due to the carotenoids of the adhering prune flesh 
and was therefore variable, but the kernel oil itself carried little carotene. 
The oil had the equivalent of 43 U.S.P. units of vitamin A per gram 
(Table 2). A later extraction of commercially produced and crushed pits, 
by-product of a pitted-prune plant, provided a less desirable oil, darker 
in color and less agreeable in odor and taste. This was the product 
used in the storage and vitamin assay experiment. The seven-per cent 
yield of pit oil obtained in the first experiment represented a nearly 
quantitative extraction since the kernels, which were 18 per cent of the 
crushed pits, contained about 40 per cent oil, Giaja (1927). 

The pretreatment and storage experiment was planned to determine 
the effect of pit-oil spraying and of processing of prunes upon the keeping 


TABLE 1 
Plan of Storage Study 
































Treatment of prunes | Lot | Storage Quality | =. 
; 7 7 ; aa ~ pet. 
A None Excellent 33.4 
Oil sprayed, processed B 7 mo. in bin Good 17.5 
Cc 7mo.inbox | Good 21.0 
| D | None Excellent 30.4 
Not oil sprayed, processed | E 7mo.inbin | Fair 17.0 
a F 7mo.inbox | Good 21.0 
G None | Excellent 29.2 
Oil sprayed, not processed | HH 7mo.inbin || Excellent 18.0 
I 7 mo. in box Excellent 18.8 
J None | Exeellent 26.4 
Not oil sprayed, not processed | K 7mo.inbin | Poor 18.0 
L 7 mo. in box Poor 19.5 


quality, particularly as to sugaring, of fruit stored in bins or sacks and 
in boxes under ordinary warehouse conditions. A large lot of prunes was 
divided so as to obtain representative samples; part were sprayed with a 
very thin coating of the pit oil and stored in sacks and tightly closed 
wooden boxes holding 25 pounds and part were removed for immediate 
assay. Also some of each lot was processed, that is, steamed before spraying 
and storing; the scheme is shown (Table 1). Water, sugar, carotene, 
thiamin, riboflavin, pyridoxine, and ‘‘filtrate-fraction’’ (pantothenic acid, 
chiefly ) activity determinations were made on most of these lots of prunes, 
cooked and uncooked, immediately after their preparation in November, 
1939, and again in June, 1940. In February, 1941, some of the samples 
were again examined for appearance and flavor. 

Sugaring and shrivelling were most pronounced in the fruit stored in 
sacks rather than boxes and in the lots which were not oil sprayed and 
not processed (Figs. 1 and 2). Moreover, some of the samples which were 
removed from the warehouse for use in vitamin assay and were kept in 
the laboratory in glass jars for several months, were found to remain 
free of insect infestation only in case the prunes had been oil treated. All 
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Fig. 1. Effect of pretreatment on prunes stored in bins or sacks for seven months. 


1939 CROP 
Lot B—Processed and sprayed with prune-pit oil 
Lot H—Not processed but sprayed with prune-pit oil 
Lot E—Processed, not sprayed with prune-pit oil 
not sprayed with prune-pit oil. 

















Fic. 2. Effect of pretreatment on prunes stored in tightly closed boxes for seven months. 
1939 CROP 
Lot C—Processed and sprayed with prune-pit oil 
Lot I—Not processed but sprayed with prune-pit oil 
Lot F—Processed, not sprayed with prune-pit oil 
Lot L—Not processed, not sprayed with prune-pit oil. 
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the samples which were stored in burlap sacks, whether oil sprayed or not, 
were infested, but the oil-treated samples were less severely infested. Only 
Lots C and I, which had been oil treated and stored in tight boxes, were 
free from infestation. These as well as the other oil-sprayed lots also 
remained relatively free from surface sugaring. 

The moisture content of all samples, as might be expected, was reduced 
during storage to 17 to 19 per cent, but the oil-treated fruit retained at 
first about four per cent more water than the untreated. The prevention 
of surface sugaring by the oil in spite of this uniform dehydration in 
storage would indicate that sugaring is not chiefly a drying action. The 
incrustation appeared to be made up of sugar erystals and yeasts. 

This practical use of pit-oil coating of prunes was first suggested some 
years ago by R. S. Hiltner and E. M. Mrak, Mrak and Long (1941). Only 
oil derived from the fruit to be treated can be used under present federal 
food laws. Pit oil is exceptionally well adapted for this purpose but care 
must be taken to use clean, fresh oil which will not rancidify in storage. 
No further rancidity developed in the study here reported, but the oil 
was not wholly free from rancidity when it was applied. 


VITAMIN ASSAYS 
Some years ago certain of the vitamin values of California prunes 
were ascertained by biological means in this laboratory. Ascorbic acid was 
found in the fresh frozen fruit (79.5 per cent water), in amounts which 
may be estimated as 50 to 85 mgm. per 100 gm., and in the sulfured, lye- 
dipped, dehydrated form (19 per cent water) of the same fruit, 160 to 
200 mgm. per 100 gm., indicating nearly complete retention of the vitamin 
under these conditions—Morgan and Field (1929), and Morgan, Field, 
and Nichols (1931). The sun-dried, sulfured, lye-dipped prunes retained 
some but not all of the vitamin. All unsulfured products, both dehydrated 
and sun-dried, were without antiscorbutie activity. This was the first 
recognition of the protective effect of sulfur dioxide against the oxidation 
of ascorbie acid. Since commercially produced dried prunes are seldom 
sulfured or dehydrated, they cannot be considered as having antiscorbutic 

value. We have not therefore continued work on this vitamin. 


VITAMIN A 

The vitamin A activity of fresh and dried prunes, determined by the 
rat-growth method, Morgan and Field (1930), was also found to be re- 
tained more effectively by the sulfured, dehydrated fruit than the unsul- 
fured product. This protection of the carotene against oxidation by sulfur 
dioxide is not unexpected. Storage did not diminish the vitamin A activity 
of the dried prunes. 

The vitamin A value of the carotene present in prunes was determined 
by the U.S.P. XI biological assay method (Table 2). It was interesting to 
note the greater value of the small-sized fruit, 34 as against 24 units of 
vitamin A per gram of prune solids. An attempt was made to determine 
whether this signified a greater concentration of carotene in the skin by 
feeding skin and flesh separately; no difference was found, however. The 
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dry prune pulp left after thorough extraction of the water-soluble con- 
stituents appeared to retain all the vitamin A value of the original fruit. 
This was especially surprising since some slight fermentation had taken 
place previous to drying. It indicates, moreover, that so-called prune juice 
made by water extraction of the dried fruit is not likely to carry any 
vitamin A value, a fact previously demonstrated in this laboratory. 

Some question arises as to the significance of chemical assay of fruits 
for beta-carotene. Mackinney, Aronoff, and Bornstein (1942) have pointed 
out certain discrepancies between provitamin A carotenoids and biologi- 
cally effective vitamin A values of plant materials. Prunes, both fresh and 
processed, yield their pigment readily but the air-dried type, 18 per cent 


TABLE 2 
Vitamin A Value of Prunes 



































U.S.P. units 
Crop year | Product Pa 7) nl | Gain in | vitamin A 
dry solids | 28 days — 
gm gm | 

1938, stored | Whole prune flesh, size 30-40................. 2.1 | 23 | 24 
Br MI PII I se csrnccccvicenssninssusssevsvesvsecacsteseesssson 2.0 } 20 | 23 
NS SI III arcs sccaceueshs Vanierebeiidecadon 3.4 | 38 25 
Whole prune flesh, size 120............ hiaienias 2.3 35 34 
Reference cod-liver Oil Loo... eessseeeeee 19(mgm.) 25 | 3,000 

Prune pulp, after water extraction....... 2.5 | 40 36 

Prune-pit oil, ether extracted.............00+ 1.3 26 43 

1989, stored | Prune paste, nO Pits.......c.ccccccccsrsovrccreeess 2.4 29 23 
10 months | Whole prune paste, including pits enone 2.4 43 32 
1939, stored | Press flesh, 50-60 size (Lots B, H, K) 2.3 29 | 24 
8months | Reference cod-liver Oil I.............scccccseeees 19(mgm.) 30 3,000 





moisture or less, gives up no carotenoids to petroleum ether. The addition 
of hot water produces their immediate release. Fresh Imperial prunes 
contained 0.0041 and 0.0037 per cent beta-carotene on a moisture-free basis, 
and market samples of processed prunes, 0.001 to 0.003 per cent. By 
definition the International unit of vitamin A has the biological value of 
0.6 microgram of beta-carotene. The commercial samples would therefore 
contain 16 to 50 units per gram. But even vitamin A-depleted rats do 
not respond to beta-carotene and animal vitamin A in the ratio as set 
forth for the International standard. However, the range of values quoted 
for prunes by Mackinney, Aronoff, and Bornstein (1942) from petroleum 
ether extraction and elution from a magnesium carbonate column, 16 to 
50 units per gram, covers adequately the range obtained by our rat-assay 
trials, 23 to 34 units per gram. 
THIAMIN 


The vitamin B, (thiamin) content of dried-prune flesh, 50-60 size fruit, 
1933 crop, was found by Morgan, Hunt, and Squier (1935) to be about 
0.7 I. U. or 2.0 micrograms per gram as fed, or 0.2 milligram per 100 
grams of market prunes. This value was later confirmed by Booher and 
Hartzler (1939), using random market samples in Washington, D. C. 
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Four of the stored samples described (Table 1) were assayed by the 
rat-growth method, using a basal diet containing 15 per eent autoclaved 
yeast as source of the B vitamins other than thiamin and crystalline thia- 
min chloride fed to the control groups. As shown (Table 3) all of these 
samples, even after 10 months’ storage, contained more than five micro- 
grams of thiamin per gram of solids, or 0.3 to 0.4 milligram per 100 grams 
of market dried prunes having 20 to 30 per cent moisture. 


TABLE 3 
Thiamin Content of Prunes Determined by Rat-Growth Method 








| | | Thiamin 


| 
Amount fed Total | (micrograms per gram) 
fins : 











Lot Description | daily for gainin | = ccna 
28 days | weight As fed | Solids 
= 4 ; x | -— is ie on. - a - 
B 1939 crop, dehydrated, stored 8 mo. | 75 | 43 4.5 
in sacks, oil sprayed, processed 5.4 5.1 
50 16 3.5 
E Same, not oil sprayed .75 38 5.1 -' 
4.7 5.2 
50 25 4.9 
H Same, not processed 75 | 43 | 5.4 
50 17 3.2 5.2 
K Same, not processed, not oil 75 34 4.2 
sprayed 50 29 5.4 5.8 
ae Te ae . “micrograms — ‘_—_—n ” 
Thiamin chloride 2 20 
| 3 32 


} 6 60 





The prunes of both the 1938 and 1939 crops therefore appeared to 
contain about 60 per cent more thiamin than did those of the 1933 erop. 
The prunes here reported upon, however, were all dehydrated and ecare- 
fully stored samples, whereas the 1933 samples were of random origin and 
were probably mostly sun-dried, the procedure in general use at that time. 


RIBOFLAVIN 


The vitamin G (riboflavin) content of prunes of the 1933 crop, Mor- 
gan, Hunt, and Squier (1935), was found to be ‘‘266 Sherman units per 
100 gm.”’ 

Since the ‘‘Sherman unit’’ of vitamin G is now thought to represent 
two to four micrograms of riboflavin, the 1933 prunes contained five to 
10 micrograms of riboflavin per gram. In the same study wheat germ, 
dried whole eggs, and dried whole milk yielded only slightly larger ribo- 
flavin values than the prune flesh; dried spinach had about twice the 
amount ; dried beef liver and brewery yeast had about four times as much. 
These latter assays have been confirmed in this and other laboratories by 
comparison with the growth of rats fed pure riboflavin. 

New determinations of riboflavin in dried prunes of the 1938, 1939, 
and 1942 crops were undertaken by the biological method, using young 
rats. Five assays in all were made. The basal diet was that in use in this 
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laboratory for some years. It contains washed casein, 22;° salt mixture, 
Hubbell et al. (1937), 2.5; hydrogenated cottonseed oil, 9; sucrose, 66.5. 
Vitamins A and D were given separately in carotene-reinforeed, cod-liver 
oil, four drops daily. The B vitamins other than riboflavin were supplied 
separately in solution in the daily amounts per rat: thiamin chloride, 10 
micrograms; pyridoxine® 15 micrograms; filtrate-fraction concentrate * 
from yeast equivalent to 80 to 100 micrograms pantothenic acid, the latter 
solution providing the unknowns as well. 

In thiamin, pyridoxine, and pantothenic acid and filtrate-factor assays 
the same procedure was used except that the vitamin being measured was 
omitted and 20 micrograms of riboflavin were added. In some assays erys- 
talline caleium pantothenate, 80 to 100 micrograms, was given instead of 
the yeast-filtrate concentrate. 


BIOLOGICAL ASSAY FOR RIBOFLAVIN 


Standard weanling rats were kept on the basal diet plus vitamin sup- 
plements until the weight curve ‘‘plateaued’’ in the ease of riboflavin 
usually after four to five weeks. One-half to one and one-half grams of 
prune flesh was then given daily and the resumption of growth compared 
with that of carefully selected litter-mate groups receiving known amounts 
of the crystalline vitamin. An equal number of animals was left without 
source of the missing vitamin. The groups contained five to nine animals. 


In some cases the prune doses, after being weighed, were cooked, just 
previous to feeding, for about 30 minutes in a small amount of water 
which was fed with the prunes. 

The usual signs of riboflavin, pyridoxine, or: filtrate-factor deficiency 
were exhibited by the respective negative groups, and normal or gradu- 
ated growth and normal appearance were shown by those which received 
all supplements. 

There was some variation owing to crop year or to method of drying 
in the riboflavin value of the prunes (Table 4). The 1938 crop, although 
examined 10 months after harvest, carried as much riboflavin as did the 
1939 crop and nearly twice the probable value of the 1933 and 1942 crops. 
None of the other vitamins assayed had so large a range owing to crop 
year. Some factor of rainfall, sunshine, or other unknown climatic influ- 
ence may affect the production or retention of riboflavin of prunes. The 
fact that the 1933 prunes were sun-dried, the 1938 all dehydrated, and 


° Most of the washed casein used in this study was supplied through the courtesy of 
P. D. V. Manning and the Western Condensing Company, San Francisco. 

®*Merck & Co., Rahway, N. J., generously provided the pyridoxine and calcium 
pantothenate used in this study. 

™The method of preparation of this concentrate was as follows: Brewer’s yeast 
was alternately extracted with 100 per cent and 60 per cent acetone four times, using 
each time five volumes of the solvent. The extract was then reduced under vacuum until 
the volume in milliliters was equal to the weight of the yeast in grams. This concen- 
trate was then shaken with fuller’s earth, 100 gm. per liter, filtered and the shaking 
repeated three times with 300 gm. fresh portions of fuller’s earth per liter. The filtrate 
was finally concentrated until each milliliter represented eight to 16 grams of the 
original yeast. Repeated microbiological assays of these preparations have indicated 
that they contain 0.5 to 0.8 mgm. of pantothenic acid per gram. 
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the 1939 nearly all dehydrated may be one reason for difference. Certainly 
riboflavin might well be expected to be adversely affected by long exposure 
to sunlight. 

There was no consistent loss owing to cooking, to storage, or to treat- 
ment previous to storage; although one lot, A-B, processed before storage, 
appeared to lose about a third of its riboflavin activity in storage. 


8 


MICROBIOLOGICAL DETERMINATIONS ~ OF RIBOFLAVIN 


AND OTHER VITAMINS 

Late in 1941 when the use of Lactobacillus casei as test species for the 
determination of riboflavin had become fairly well standardized, a new 
assay of 1941 prunes was undertaken. The prunes, Freneh, Imperial, and 


TABLE 4 


Riboflavin, Pyridoxine, and Pantothenic Acid (and ‘‘ Filtrate-Factor’’) 
Contents of California Prunes’ 





: . Panto- 
Ribo- Pyri- | thenic 
flavin doxine | acid? 





' 
Description Size ? Moisture 


pet. 
1938 crop, stored 10 months 30-40 18.8 | 1.6 1.3 9.7 


Pp 420 | #168 | 12 1.3 6.8 
J  |1939 erop, freshly harvested 50-60 25.4 1.2 1.0 74 
Same, cooked 50-60 25.4 1.3 0.9 





K Same, stored 8 months 50-60 | 18.0 ; 1.0 
G | 1939 crop, freshly harvested, - ar 
oil sprayed... 50-60 29.2 
Same, cooked 50-60 
H  |Same, stored 8 months................1 50-60 





A 1939 crop, freshly harvested, 
oil sprayed, harvested 50-60 
Same, cooked 50-60 
B Same, stored 8 months................ 50-60 


D 1939 crop, freshly harvested, 
processed 50-60 y 1.3 0.6 
Same, cooked 50-60 1.0 0.6 
1Given in milligrams per 100 grams of solids. * Number of prunes per pound. #*All ‘“‘filtrate- 
fraction’’ value of the prunes is expressed as pantothenic acid. 





Robes, were obtained from growers in the Napa and Santa Clara valleys 
and were examined fresh and after commercial tunnel dehydration. The 
method used was that of Snell and Strong (1939), and numerous pro- 
cedures for extraction of the vitamin from the fruit were tried. Grinding 
in a mortar, in a food chopper, or in an electrie blender and shaking with 
distilled water, hot or cold, by hand or in a rotary shaker for three hours 
or with acid-aleohol in the shaker for three hours, were tried on the 
fresh prunes. Shaking in the rotary shaker for three hours in brown 
bottles with distilled water at 15.6°C.(60°F.) produced the largest amount 
of extraction. All the values in these assays (Table 5) are extremely low 
as compared with the results of the biological assays previously obtained. 


®* We acknowledge valuable assistance rendered by Marian B. Smith, Marian C. Hun 
ner, and Relda Cailleau in the microbiological studies. 
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Further work was then done only on the dehydrated French prunes 
from the Napa valley. Again numerous methods of grinding and extract- 
ing were used. It was found that steaming the fruit for one hour nearly 
doubled the amount of riboflavin extracted as did the use of 0.04 N H.SO, 
instead of distilled water. The total riboflavin again was found to be 
much lower than in the biological assays although equivalent to the quan- 
tity present in the corresponding fresh fruit, 0.16 mgm. per 100 gm. 
solids. 

TABLE 5 


Riboflavin Content of Fresh and Dehydrated Prunes, 1941 Crop, 
by Microbiological Method’ 











Sample | Solids 





mgm./ mgm. 
100 gm. 100 gm. 


.022-.052 .038 15 
-023-.053 039 | 16 


French, Sees mgm. /100gm. 
Napa Valley 
Santa Clara 

Imperial, fresh 
Napa Valley 
Santa Clara 

Robes, fresh 
Napa Valley 

French, dehydrated 
Napa Valley -100-.145 120 | .16 

1There were six to 12 determinations made on each sample, but no enzymatic treatment for 
extraction was used. 


.018-.035 .022 09 
.020-.043 032 | .13 





.007-.029 016 | .06 





When the 1942 crop was available French prunes from Walnut Creek 
were obtained fresh and portions were dehydrated * after lye-dipping in 
a tunnel dehydrator (drying time 20 hours) at an average drying ratio 
of 3.2:1. Another portion was sun-dried after lye-dipping (drying time 
nine days) at an average drying ratio of 3.0:1. 

Samples of each of these three lots were prepared by mixing in the 
mixer-blender with water and aliquots treated with various extractants. 
Riboflavin, pantothenic acid, and nicotinic acid were determined micro- 
biologically on these extracts. Digestion of the prune purée with 1.2 per 
cent pancreatin considerably imereased the yield of riboflavin (Table 6), 
possibly because of its release from the protein-bound form. Nevertheless 
the largest of these values, 0.29 mgm. per 100 gm. of solids, is only one- 
third to one-tenth the amount found by biological assay of earlier crops 
(Table 4). An even greater discrepancy as to pantothenic acid appeared, 
0.4 mgm. instead of five to nine mgm. per 100 gm. solids. The micro- 
biological method used for the latter determination was that of Strong, 
Feeney, and Earle (1941). 

Two experiments were next tried in the hope of reconciling these 
differences. Riboflavin and pantothenic acid assays by the improved bio- 
logical method were made on the same 1942 prunes and new microbio- 

® We acknowledge the assistance of Hazel Friar and Edward G. Balog of the Fruit 
Products Division, College of Agriculture, University of California, in the preparation 
of the 1942 dehydrated and sun-dried samples. 
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logical tests of the prunes were made with accompanying recovery of 
added riboflavin. 

Choline, five mgm. daily, and erystalline calcium pantothenate were 
used in the new biological assays, and several levels of pure riboflavin or 
pantothenate were fed the control groups so that a curve of response was 
charted making it possible to read directly the riboflavin or pantothenic 
acid content of the prune doses fed; the results of these tests are shown 
(Table 7). Thus 0.7 to 0.8 mgm. of riboflavin per 100 gm. of solids were 


TABLE 7 


Riboflavin and Pantothenic Acid Contents’ of 1942 Prunes 
Obtained by Rat-Feeding Methods 





| Pantothenic acid 








| Riboflavin 
Prunes |- = 
Sample Solids Sample Solids 
TI cd csncteane-cucaich'usadonan cavtontnoudidonivabadiiiaan tide -_— | ma 4 ar 
Neha sscctecs cnsatieascetodescssvsovescrsncdewescaniestvversonievorses 65 | .79 2.6 3.2 





1Given in milligrams per 100 grams. 


found by rat feeding in the same prunes which by microbiological means 
yielded only 0.2 mgm. per 100 gm. of solids. Likewise the comparison as 
to pantothenic acid is seen to be 3.2 by biological and 0.4 by microbio- 
logical methods. The 1942 prunes were lower in riboflavin by 30 to 50 
per cent than those of 1938 and 1939 but of about the same value as the 
1933 samples. The pantothenic acid content of the 1942 fruit cannot be 
adequately compared with those of the earlier crops because all ‘‘filtrate- 
factor’’ value of the prunes was expressed as pantothenic acid in the 
earlier assays but only pantothenic acid itself is operative in the 1942 
value, which is therefore smaller. 

Riboflavin recovery by microbiological method was attempted by prep- 
aration of a large amount of sample which was divided into aliquots, 
extracted in various ways, and riboflavin added to the extracts either 
after extraction directly to the assay tubes or to the samples just before 
extraction. The recovery of added riboflavin was found to vary from 
—2 to 66 per cent of that found when the prune extract was present and 
from 57 to 95 per cent when it was not (Table 8). Likewise the digestion 
with pancreatin, particularly in the presence of prune extract, decreased 
the recovery somewhat. Nevertheless the yield of prune riboflavin alone 
was better (Table 6) after pancreatin autolysis. Possibly the destruction 
produced by the pancreatic enzyme was more than counterbalanced by the 
greater release of bound riboflavin which it accomplished. This further 
complicates the interpretation of the losses shown (Table 8). 

Similar discrepancies between microbiological and biological assay for 
riboflavin have been noted in this laboratory in other foods. For example, 
fresh and dehydrated beef samples were found to yield only one-half the 
riboflavin value by microbiological method compared with the biological 
method: and fresh and dehydrated green peas, from one-half to one-fifth. 
The difficulty of extracting all riboflavin or other vitamins from the food 
by the usual methods advised probably accounts for most of the diffieulty 
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although there may be in some foods, as in prunes, constituents which 
destroy the value of riboflavin (or pantothenic acid) for microorganisms 
under the conditions of the assay but not for use by animals, such as 
the rat. 

In order to assess the probable riboflavin content of the 1941 prunes 
comparison may be made with the 1942 dehydrated samples, assayed by 
the same methods used with the 1941 fruit. The 1942 fresh prunes, 
with simple acid extraction, vielded 0.09 mgm. per 100 gm. solids; the 


TABLE 8 


Recovery of Riboflavin From Prune Extracts 








Recovery of added riboflavin 





Riboflavin added in extraction media 
Extract Amount | z... & o4N Phosphate | Acetate 
(micrograms | Time | ry t. buffer, buffer, 
per ml.) a anttas pH 8.0 pH 4.5 
| | pet. pet. pet. 
Prunes, 0.1 | Assay tube | None 40? 66 46 
10 gm. per 0.1 Extraction None 39 49 46 
100 e.e. 0.1 | Assay tube | 1.2% pan- 
extractant creatin 35 33 54 
0.1 Extraction 1.2% pan- 
creatin 31 —2 49 
No prunes 0.1 | Extraction None 89 88 95 
0.1 Assay tube | 1.2% pan- 
creatin 85 57 68 
0.1 Extraction 1.2% pan- 
| creatin 78 72 72 

















1 Each figure represents the average of six experiments using three dilutions of the extract. 


dehydrated and sun-dried, 0.1 and 0.06, indicating little loss at least in 
dehydration. But the 1941 fruit contained 0.16 mgm. of riboflavin per 
100 gm. solids, both fresh and dehydrated. Probably, therefore, the 1941 
prunes contained about 50 per cent more riboflavin than the 1942 samples, 
that is, 1.0 to 1.1 mgm. per 100 gm. solids or 0.7 to 0.8 per 100 gm. market 
fruit. 

Mackinney and Sugihara (1942), using the fluorimetric method of 
Conner and Straub (1941) and pectinol in addition to clarase for extrae- 
tion on 1941 dried prunes, obtained the maximum value of 0.16 mgm. per 
100 gm. quite like that shown (Table 5) and obtained by the unmodified 
microbiological assays.*° 


Nicotinic Acid: The nicotinic acid of the prunes, determined by the 
microbiological method of Snell and Wright (1941), appeared to be fairly 
constant, not affected by method of extraction or by dehydration. Since 


” New fluorimetric determinations made on 1943 samples in this laboratory by 
Lowell E. Kidder by the method of Peterson, Brady, and Shaw (1943) and checked 
by lumichrome oxidation technique after extraction of the prunes with 0.04 NH:SO,, 
autoclaving at 15 pounds for 20 minutes and either with or without pancreatin diges- 
tion, yielded riboflavin values similar to those obtained by rat feeding, 0.55 to 0.59 
mg. per 100 gm. solids. Microbidlogical assay of the same samples indicated only 0.08 
mg. per 100 gm. solids. 
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no biological or chemical examination for this vitamin was attempted, 
there is no certainty that this value is the true one. 

Pyridoxine: By suitable manipulation the biological method used for 
riboflavin assay yielded satisfactory values for the pyridoxine content of 
the prunes. This varied from six to 15 micrograms per gram of solids. 
This range may be compared with that obtained by Henderson, Waisman, 
and Elvehjem (1941) by a similar method for beef muscle, 12 to 16; pork, 
7 to 28; and wheat germ, 15.9. 

The control groups, which were given the same basal ration, were 
taken from the same litters as the rats fed the prunes and were given 8, 
10, 20, or 30 micrograms of erystalline pyridoxine hydrochloride or an 
eluate standardized against the pyridoxine." Maximum growth resulted 
at the level of 12 to 15 micrograms daily. The groups deprived of pyri- 
doxine exhibited the specific skin symptoms characteristic of this defi- 
ciency, and depletion was not assumed until growth ceased and such 
symptoms began to appear. This required from four to six weeks and 
varied with each assay. A small and variable loss of pyridoxine appeared 
to occur in the cooked prunes but none occurred in storage. 

Pantothenic Acid and Other Filtrate Factors: The same basal diet and 
supplements used in the riboflavin and pyridoxine experiments were used 
except that the yeast-filtrate concentrate was omitted and the riboflavin 
and pyridoxine given. In some eases crystalline caleium pantothenate was 
given the control groups in addition to, or instead of, the filtrate concen- 
trate. During the six to eight weeks of feeding following four to six 
weeks of depletion the response of these groups appeared to be largely 
due to the pantothenic acid. Maintenance for a longer period resulted in 
slowing of growth of the animals given the pantothenic acid only but not 
in those given the filtrate concentrate. Greying of the fur of the deficient 
animals was usually observed and this was remedied slowly and inecom- 
pletely by the prune doses as well as by the pantothenic acid. The 
yeast-filtrate concentrate, on the other hand, usually produced rapid and 
permanent darkening of the fur. Possibly one or another of the unknowns 
apparently needed for full utilization of pantothenie acid may be lacking 
in the prunes, Martin (1942). 

A group of five rats, for example, was kept on the filtrate fraction- 
deficient diet for about four months until their fur was uniformly and 
completely greyed. Prune meat, 1.5 to three grams daily, was then offered 
to three of the rats with such prompt response that within 40 days they 
had gained 81 grams and their fur was largely re-pigmented. The other 
two failed, continued grey, and died of the deficiency. 

The range of pantothenic acid and other filtrate-factor values for the 
prunes is large, 32 to 97 micrograms per gram solids. None of the 
conditions examined had a consistent effect upon these values. Crop year 


™In some of the prune assays an eluate from adsorbates from autolyzed wheat 
germ or yeast was used as the source of pyridoxine. These eluates were assayed bio- 
logically for riboflavin and ‘‘ filtrate fraction’’ as well as for ‘‘vitamin B,.’’ Their 
value as the source of pyridoxine was determined in these assays by comparison with 
erystalline pyridoxine. 
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(except for 1942), length of storage, cooking, or size of fruit could not 
be said to dominate the ‘‘filtrate-factor’’ activity of the fruit. It is natural 
that the range of response was large since the single substance, panto- 
thenie acid, was not the only thing measured, again except for the 1942 
samples. There is little doubt, however, that prunes have a rather large 
pantothenic acid content, of the magnitude of three to nine mgm. per 
100 gm. solids. 

The range of pantothenic acid activity found is quite different from 
that reported by Jukes (1941) for eull prunes using the chick assay— 
less than 0.6 microgram per gram on the undried basis. There were, of 
eourse, large differences in quality and origin of the prunes used in the 
ehick and rat experiments here compared. Moreover, the full ‘‘filtrate- 
fraction’’ activity of the prunes is expressed as pantothenic acid (Table 4), 
which would tend to raise the latter value. 

The nicotinic acid value, approximately 0.5 mgm. per 100 gm. dry 
prunes, corresponds very well with that found by Russell, Taylor, and 
Beuk (1943) in canned prune and tomato juices, but is larger than figures 
quoted for other fruits except bananas and avocados. 


PRUNE JUICE 


An effort was made to find out how much of the water-soluble vitamins 
are extracted when dry prune pulp is treated with warm water, three 
volumes, filtered through cloth, and the filtrate concentrated so that each 
milliliter is equivalent to one gram of the original prune pulp. One-third 
to one-half of the riboflavin, nearly all of the pyridoxine, but very little 
of the pantothenic acid was extracted. When no pulp is present in the 
‘‘prune juice’’ none of the vitamin A is present, since the latter is not 
water-soluble. 

VITAMIN E IN PRUNE PULP AND PIT OIL 

A few experiments were made to determine the vitamin E value of 
prune pulp and the pit oil. The diet containing casein, 31; cornstarch, 
33; yeast, 10; irradiated lard, 22; salts, 4, was supplemented with cod- 
liver oil reinforeed with carotene to provide 150 to 300 I. U. of vitamin 
A and 10 of vitamin D per rat per day. The female rats were placed on 
this diet at weaning, vaginal smears were examined daily, and the rats 
were mated with normal males as soon as the normal oestrous eyele had 
been established, usually in 30 to 50 days. No initial resorption was 
allowed but the test material was fed within five days of the finding of 
sperm. Wheat-germ oil was used as a standard souree of vitamin E for 
comparison with the prunes. The simple ‘‘all or none’’ criterion of pro- 
duction of a live litter was used for evaluation of vitamin E in the sub- 
stanee fed. This is, according to Mason (1942), still probably as good as 
any other method suggested. 

The particular sample of wheat-germ oil used had borderline vitamin E 
content in one gram as demonstrated by the delivery of normal young by 
four out of five females given that amount. The prune-pit oil had similar 
value in 2.7 grams since three out of four matings resulted in normal 
litters when the pit oil was given. The prune pulp was found to have 
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little vitamin E activity. From 10 to 30 grams were given after mating 
to eight rats with only two litters resulting. An ether extract of 100 grams 
of prune pulp, however, provided enough vitamin E to allow one female 
to produce and suckle a normal litter. According to Evans, Emerson, and 
Emerson (1936) three mgm. of alpha tocopherol is sufficient to produce 
litters by vitamin E-deficient females on a similar diet to that used in this 
experiment; this is confirmed by Gottlieb, Quackenbush, and Steenbock 
(1943). It might be tentatively assumed then that 2.7 grams of prune-pit 
oil or 100 grams of prune pulp contain the equivalent of three mgm. of 
alpha tocopherol. 
SUMMARY 


French prunes of four crops were examined for certain vitamins. The 
conditions which were varied were crop year, size of fruit, and storage, 
processed and unprocessed and sprayed with prune pit oil or not so 
treated, raw or cooked. 

A pleasant light oil which was extracted from the cracked pits and 
kernels was found to contain 40 to 50 U.S. P. units of vitamin A per gram 
and to make an acceptable glossy coating for dried prunes. This coating 
not only prevented ‘‘sugaring’’ of the surface during storage but also 
prevented insect infestation. It had no effect upon vitamin retention. 

The vitamin A value of prune flesh, skins, paste, and water-extracted 
prune pulp was found by biological method to be 23 to 34 I. U. per gram 
of dry matter or 16 to 27 per gram of the usual market prune with 20 to 
30 per cent moisture. 

The thiamin content of four lots of 1939 dehydrated prunes stored 10 
months and with various pretreatments was found by biological assay 
to be close to 0.5 mgm. per 100 gm. of dry matter or 0.3 to 0.4 mgm. per 
100 gm. of ordinary market prunes. This is of the same order but greater 
than the value obtained by similar methods for sun-dried 1933 prunes. 

As determined by biological method, the riboflavin of the dehydrated 
1938 crop was somewhat larger than that of the 1939 crop and both were 
nearly double that of the sun-dried 1933 samples and both sun-dried and 
dehydrated 1942 samples. The values ranged from 0.7 to 1.8 mgm. per 100 
gm. of dry matter or 0.5 to 1.3 mgm. per 100 gm. of market prune flesh. 

By the microbiological method fresh and dehydrated prunes of the 
1941 crop were found to have only 0.16 mgm. of riboflavin per 100 gm. of 
dry matter or about one-sixth the usual amount found by biological means. 
New determinations by both methods on fresh, dehydrated, and sun-dried 
1942 prunes and upon recovery of added riboflavin indicated that the 
usual extractions for microbiological vitamin assays are unsatisfactory 
and unreliable when applied to prunes. New fluorimetric technique, how- 
ever, yielded values similar to those obtained by rat-growth assay. 

The pyridoxine (vitamin B,) determined by rat assays in these prunes 
was somewhat lowered by cooking but not by storage. There were 0.6 to 
1.5 mgm. per 100 gm. of dry matter or 0.4 to 1.2 mgm. per 100 gm. of 
market prunes. 

Microbiological and biological assay of 1942 prunes revealed the same 
diserepaney for pantothenic acid as for riboflavin. The biological assay 
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indicated ‘‘filtrate-factor’’ activity equivalent to that of two to seven mgm. 
of pantothenic acid per 100 gm. of market prunes. 

Nicotinic acid content of the 1942 prunes as determined by the micro- 
biological method was 2.2 mgm. per 100 gm. of dry matter or 1.5 mgm. 
per 100 gm. of market prunes: This vitamin was not affected by the drying 


processes. 

Vitamin E activity in amount equivalent to that of three mgm. of 
alpha tocopherol was found in the ether extract of 100 gm. of prune pulp 
or in 2.7 gm. of the prvue-pit oil. 
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In many procedures for the processing of fruits and vegetables both 
commercially and in the home, the products first receive a blanching treat- 
ment, i.e., heating in a moist atmosphere to inactivate natural enzymes. 
This inhibits chemical changes which cause deterioration of palatability, 
appearance, and nutritional value. Thus, discolorations of diced and macer- 
ated fruits and vegetables and loss of labile nutrients (principally ecaro- 
tene and ascorbie acid) may be observed, if the materials have not been 
blanched. These undesirable changes frequently oceur in a very short 
time, measurable in minutes. 

Two procedures are used for the blanching of fruits and vegetables, 
one involving the use of steam and the other, hot water. The purpose of 
the present study was to determine which procedure is more desirable for 
routine use, particularly in home canning. 


EXPERIMENTAL PROCEDURE 

The test material used in this study was green snap beans obtained 
from a local farm. The blanching operation was effected within one and 
a half to two hours after the beans were picked. 

Preparation of Beans: The beans were cut into pieces approximately 
one inch in length and the ends disearded; 218 grams of the cut beans 
(equivalent to one pint), were then rinsed in cold running water and 
immediately subjected to the blanching treatments. The blanched beans 
in all cases weighed the same as the raw product. 

Steam Blanching Procedure: Sufficient water (75 ¢.c.) to cover the 
bottom of a pan was brought to a boil. The beans were suspended in a 
wire basket above the level of the boiling water. Care was taken to prevent 
direct contact between the water and the beans. A lid was immediately 
placed on the pan and the blanching time recorded. At exactly the end 
of specified periods of 1, 3, 5, and 10 minutes, the beans were cooled under 
eold running water followed by a distilled water rinse. The beans were 
then subjected to a variety of tests in order to determine the efficiency of 
the blanching procedure in inactivating the enzymes originally present. 

Hot Water Blanching Procedure: The beans were prepared as de- 
scribed in the section above. In this ease, however, they were added 
directly to 400 ¢.c. of boiling water, an amount sufficient to cover one 
pint of beans. At the end of each of the specified blanching periods the 
water was drawn off and the beans immediately cooled as described above. 

During the steam blanching the beans were subiected to steam vapor 
at 100°C.(212°F.), though the temperature rise within the beans them- 

This study is one of a series, sponsored by the Westinghouse Electrie and Manu- 


facturing Company, Mansfield, Ohio. 
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selves was gradual. During the hot water blanching the addition of the 
beans directly to the boiling water caused an appreciable reduction of 
the water temperature, followed by a gradual return to the boiling point. 
Thus, in the ease of the one-minute hot water blanch the average tempera- 
ture of the water was only 82°C.(180°F.). In the tests with longer 
heating periods an average temperature of approximately 95°C.(203°F.) 
was maintained. 
TABLE 1 
Enzymic Tests Conducted on Green Beans 











Tests for Procedure 


Monophenoloxidase * 5 «ec. of extract + 0.5 ee. of 1% phenol 


cc. of extract + 0.5 cc. of 1% catechol 
e.c. of extract + 0.5 ec. of 1% pyrogallol 


5 
Polyphenoloxidase * 5 
) 


a , 7 5-e.e, of extract + 5 c.c. of saturated solution of tyrosine, ; 
l'yrosinase aerated at 30°C.(86°F.) 24 hr. 

extract + 0.25 ec. of 1% naphthol + 
Indophenol oxidase * 0.25 ¢.c. of 1% p-phenylenediamine + 
0.25 e.c. of 10% Na:COs 


— 5 ce. of extract + 1 cc. of 4% benzidine + }3~— 
Peroxidase ” 1 e.c. of glacial acetie acid + 
1 c.c. of 3% H:0: 
| Potassium permanganate titration of residual H.O: 


Be ete inal 2 * some see tite — 
Photometric determination of reduced, dehydro, and total 
aseorbie acid after maceration and incubation of samples 





Catalase? 





Ascorbie acid oxidase * 





1The details of these tests are described by Hawk and Bergeim (1937). * Test based upon the 
properties of tyrosinase described by Sumner and Somers (1943). * Details of this test are given 
in the text. 


CHEMICAL TESTS 

In testing for enzymes other than ascorbic acid oxidase in the sam- 
ples (Table 1), 150-gram quantities of the raw and blanched beans were 
homogenized for one minute in a Waring Blendor? with 150 c.c. of water 
under carbon dioxide. The suspension was diluted 1 to 2.5 (1 + 1.5) with 
distilled water, allowed to stand at room temperature for 10 minutes, and 
then filtered through cheesecloth. The filtrate at its natural pH of 5.8 
was then analyzed. 

Negative qualitative tests were obtained for monophenoloxidase, poly- 
phenoloxidase, and tyrosinase in the raw as well as blanched beans, indi- 
eating the absence of these enzymes. The tests for indophenol oxidase and 
for peroxidase were carried out on a semiquantitative basis; the reagents 
were prepared as indicated (Table 1) and standard quantities of the test 
solutions and reagents were allowed to react under standardized conditions. 
The color intensities of the reaction products, however, were estimated only 
by visual comparisons. The catalase tests were conducted on a quantitative 
basis so that specific figures were obtained as an index of the concentration 
of this enzyme before and after blanching. 

The results suggest that indophenol oxidase and catalase in green beans 
are more susceptible to heat inactivation than peroxidase (Table 2). This 
is in agreement with the report by Proctor (1942). The one-minute hot 


* Obtained from the Waring Corporation, New York City. 
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water blanch almost, but not completely, destroyed the first two enzymes. 
However, approximately one-half of the peroxidase was still active. Ex- 
tending the hot water blanching period to three to 10 minutes resulted 
in complete inactivation of these enzymes. A steam blanch of one minute’s 
duration was not as effective as the hot water treatment in destroying 
these enzymes, since strongly positive tests for the indophenol oxidase, 
peroxidase, and catalase were still obtained in testing the extract. How- 
ever, extending the steam blanching period to three to 10 minutes resulted 
in complete inactivation of these enzymes. 


TABLE 2 


Influence of Various Blanching Procedures Upon Enzymes in Green Beans 





Enzyme test 


H.O. decom- 


Sample Experiment Relative color intensities * position 2 

—— Peroxidase Catalase 
a; ai | pet. 
A Raw beans, untreated ++++ ++++ 78 
B Steam blanch, 1 min. + +++ 52 
Cc Steam blanch, 3 min. —- —- 7 
D Steam blanch, 5 min. ~- = 0 
E Steam blanch, 10 min. _- —- 0 
F | Hot water blanch, 1 min. “fe a 4 
G | Hot water blanch, 3 min. a oH 6 
H Hot water blanch, 5 min. — — 0 
I Hot water blanch, 10 min. -— — 0 





1 Semiquantitative estimations (scale of readings — to 4+-+++). *To 10 e¢.c. of extract, rep- 
resenting two gm. of fresh or blanched green beans, 90 c.c. of M/150 H2O. + 10 c.c. of buffer 
(pH 7.0) were added. The catalase, which may have been present, was allowed to act for 10 min- 
utes. Decomposed H2Oz2 gives an index of catalase activity, Hawk and Bergeim (1937). 


The results of various blanching methods upon ascorbie acid oxidase 
in the beans are presented (Table 3). The initial tests were conducted on 
samples which had been boiled with an equal weight of six-per cent meta- 
phosphoric acid under nitrogen and then blended for one minute under 
nitrogen. This insured complete inactivation of the enzyme, as shown by 
Hochberg, Melnick, and Oser (1943). Other aliquots of the beans were 
blended with an equal weight of water under nitrogen for one minute and 
then incubated at 37°C.(98.6°F.) for two hours at their natural pH of 
5.8. The suspensions were exposed to air in the incubator and were stirred 
every 10 minutes. The blending of the material with water and subse- 
quent incubation of the sample, as indicated above, are favorable for the 
liberation of ascorbic acid oxidase and its activity. 

Ascorbie acid oxidase catalyzes the oxidation of ascorbic acid to dehy- 
droascorbie acid. The latter is biologically active and should be determined 
in any investigation of vitamin C loss. Accordingly, the photometric 
method of Hochberg, Melnick, and Oser (1943) for the determination of 
both reduced and total ascorbic acid was employed in the present study; 
values for dehydroascorbie acid were obtained by difference. 

The results (Table 3) indicate that ascorbie acid is very rapidly oxi- 
dized in the raw beans to dehydroascorbie acid during incubation and that 
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a significant quantity is oxidized beyond that stage. Steam blanching for 
one minute appeared to be ineffective in destroying the ascorbic acid 
oxidase. In the three-minute blanched sample no loss of total ascorbic 
acid was noted although an appreciable conversion of reduced to dehydro- 
ascorbie acid took place. Steam blanching for five or 10 minutes completely 
inactivated the enzyme. 


TABLE 3 


Influence of Various Blanching Procedures Upon Ascorbic Acid Oxidase 
in Green Beans 





(mgm. per 100 gm.) 





Ascorbic acid values 











Sample Experiment Initial tests After incubation? 
R? | Dt | 7 R Dp | T 

oe Bee a = 
A | Raw beans, untreated 182 | 43 | 225 12 | 160 | 17.2 
B | Steam blanch, 1 min. 17.1 5.4 22.5 0.0 16.3 | 16.3 
C Steam blanch, 3 min. 17.1 5.8 22.9 10.8 12.2 | 23.0 
D Steam blanch, 5 min. 18.5 3.4 21.9 | 19.1 4.6 23.7 
E | Steam blanch, 10 min. 18.7 3.1 21.8 17.5 46 | 221 
F Hot water blanch, 1 min.| 18.4 4.0 22.4 9.1 6.8 | 15.9 
G Hot water blanch, 3 min. 17.1 3.6 20.7 15.5 | 32.7 18.2 
H Hot water blanch, 5 min. 15.3 3.7 19.7 15.0 | 4.8 19.8 
I | Hot water blanch, 10 min. 15.1 3.1 18.2 14.1 4.4 18.5 

1R = reduced ascorbic acid; D = dehydroascorbic acid; T = total ascorbic acid. * The beans 


were first blended under nitrogen with an equal weight of water and each suspension then stored at 
its natural pH of 5.8, for two hours at 37°C.(98.6°F.) under air; the suspensions were occasion- 
ally stirred under standardized conditions. 


In the sample subjected to hot water blanching for one minute, the 
same extent of irreversible oxidation of ascorbie acid (beyond the dehydro 
state) was observed as in steam blanching for the same period of time. 
However, in this case more of the ascorbic acid remained in the reduced 
form. This indicates that after the short period of steam blanching more 
ascorbie acid was oxidized during the incubation. Some loss in total 
ascorbic acid was also noted in the sample which received the three-minute 
hot water treatment. Blanching for longer periods of time, five and 10 
minutes, completely inactivated the ascorbie acid oxidase. 

Results of the ascorbic acid study confirm those presented (Table 2) 
and demonstrate that hot water blanching over a very short period more 
effectively destroys the enzymes than the steam treatment. However, in 
this ease also, the five-minute steam blanch was adequate for complete 
inactivation of the ascorbic acid oxidase. 

The data (Table 3) were recalculated in order to show to better ad- 
vantage the extent of oxidation of ascorbic acid during the incubation; 
the results are presented (Table 4). In this latter table are shown the 
percentage of the initial ascorbic acid converted to the dehydro form and 
that oxidized beyond this stage. These data demonstrate conclusively the 
greater effectiveness of hot water blanching in destroying the ascorbic 
acid oxidase but they also show that steam blanching for five minutes is 
completely effective. The significance of the small values for enzymic 
oxidation of ascorbie acid to the dehydro form (six or seven per cent) 
(Table 4) are questionable since dehydroascorbie acid is caleulated from 
the difference between total ascorbie acid and reduced ascorbie acid. Thus, 
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errors in the analyses of only three per cent in opposite directions could 
account for the apparent six or seven per cent formation of dehydro- 
ascorbie acid. This conclusion is borne out by the fact that in both pro- 
cedures the values for the 10-minute blanchings were not less than the 
values obtained for the five-minute heated samples. 

In addition to the above results, other factors must be considered before 
a preference is indicated for any particular blanching procedure. The 
difference in effectiveness between these two procedures in destroying the 
enzymes present in the green beans favors hot water blanching. However, 
steam blanching for a period of five minutes is also satisfactory for com- 
plete inactivation of the natural enzymes. 


TABLE 4 


Influence of Various Blanching Procedures Upon Subsequent 
Oxidation of Ascorbic Acid 








Oxidation of ascorbic acid 








Sample Experiment 





| Remaining Beyond 
| in dehydro dehydro | Total ® 
| form ! | stage * | 
| pet. pet. pet. 
A Raw beans, untreated | 52 24 76 
Be) Pa cts J stisieee =... 
B Steam blanch, 1 min. 48 | 28 76 
Cc Steam blanch, 3 min. 28 0 | 28 
D Steam blanch, 5 min. 6(?) 0 6(?) 
E Steam blanch, 10 min. | 7(?) 0 7(?) =. 
F Hot water blanch, 1 min. | 13 29 42 1 
G Hot water blanch, 3 min. 0 12 } 12 
H Hot water blanch, 5 min. 6(?) 0 6(?) 
I Hot water blanch, 10 min. 7(?) 0 7(?) ( 
1 Represents the percentage of the total initial ascorbic acid, found after incubation in the 
dehydro form, over and above the dehydroascorbic acid initially present. * Represents the percent- P 
age of total initial ascorbic acid, which has been oxidized beyond the dehydro stage and no longer . 
possesses biological activity. * Represents the percentage of total initial ascorbic acid, which has 1 


been oxidized to or beyond the dehydro stage. The remaining ascorbic acid (100 minus the percent- 
age in this column) represents the sum of the initial dehydroascorbic and residual reduced ascorbic 
acid, i. e., ascorbie acid which has not undergone any oxidation during the test incubation period. 


Another factor of importance in a critical evaluation of blanching pro- ] 
cedures is the degree of loss of the water-soluble nutrients. During the 
hot water blanch an appreciable loss of ascorbie acid occurred; the loss 
during the steam blanching was insignificant. This is apparent from the 


data on total ascorbie acid (Table 3). Analyses of the residual ‘‘blanch- J 
ing’’ waters in each ease indicated the losses to be due to solution of the 
vitamin and not to heat destruction. | 


The report by Adam and Horner (1941), evaluating hot water and 
steam blanching with respect to retention of nutrients, also includes a 


study of vitamin ( loss. Unfortunately no attempt was made to inelude E 
dehydroascorbie acid so that their interpretation of the data with respeet 1 
to true ascorbie acid loss is open to question. Likewise, in the report by 

Farrell and Fellers (1942) on the fate of ascorbie acid in blanched and C 
unblanched beans, the very large loss (75 per cent) of the vitamin in : 
the latter, caused by lowering the temperature of the beans to —20°C. R 





(—4°F.), is undoubtedly in error. In this study also no attempt was made 
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to determine dehydroascorbic acid. Only in investigations involving prompt 
and complete inactivation of the ascorbic acid oxidase in vegetables prior 
to the rupturing of cells and in which the emphasis is on relative values, 
can dehydroascorbie acid be disregarded, Oser, Melnick, and Oser (1943). 

In the report just cited the influence of various cooking procedures on 
the retention of vitamins and minerals in vegetables was investigated. It 
was shown that the other water-soluble nutrients in foods are lost approxi- 
mately to the same degree as ascorbic acid when cooking water is discarded. 
Thus, it may be assumed that the progressive loss in total ascorbie acid 
in the beans subjected to hot water blanching reflects the over-all loss of 
other water-soluble nutrients such as thiamin, nicotinic acid, riboflavin, ete. 

Considering both aspects, destruction of the enzymes present and reten- 
tion of the essential nutrients, the conclusion is reached that steam blanch- 
ing, although for a somewhat longer period of time, is superior to hot 
water blanching. In the present study, duplicating home canning of green 
beans, a steam blanch of at least five minutes is regarded as the preferred 
procedure. 

SUMMARY 

A comparative study was conducted of two blanching procedures as 
used in home canning. The influence of hot water (100°C.) and steam 
(100°C.) blanching of green snap beans upon the enzymes, indophenol 
oxidase, peroxidase, catalase, and ascorbic acid oxidase, was evaluated. 

Hot water blanching of the beans was more effective in destroying 
the natural enzymes in this vegetable, a three-minute exposure being al- 
most completely effective in this respect. 

Five minutes’ steam blanching is necessary for complete inactivation 
of the enzymes in green snap beans. 

The disadvantage of hot water blanching resides in the fact that the 
soluble nutrients of the vegetables, as typified by ascorbie acid, are lost 
to an appreciable extent in the blanching water. 

Loss of soluble constituents during steam blanching is not significant. 

Since the difference between the two blanching procedures in com- 
pletely destroying the enzymes in the beans is not appreciable with respect 
to time, the steam blanching method is to be preferred. 
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Prunes were found by Robscheit-Robbins and Whipple (1927) to be 
remarkably effective for blood regeneration in dogs made anemic by 
hemorrhage. They found apricots and peaches comparable with muscle 
meat and second only to liver in earlier experiments, and later concluded 
that prunes are nearly as efficient as these two fruits. They ascribed this 
property of the fruits to mineral constituents other than iron since other 
fruits equally rich in iron, for example raspberries, were without hemo- 
globin-producing value. 

Since the amount and availability of the iron and copper contents of 
foods are now known to vary greatly and the hemoglobin-regenerating 
properties of the foods to be dependent upon these elements, it seemed 
desirable to determine directly the anti-anemia value of prunes as well 
as their ash, iron, and copper contents. The value of prune flesh, skins, 
and pits might vary and accordingly vary the value of large and small 
fruit. Culls or very small fruit, which may be used whole to make a 
paste for use as animal feed, were of particular interest since the large 
proportion of pits and skin might be expected to alter the mineral as 
well as other composition of the product. 

Accordingly, total ash as well as iron, copper, and other inorganic 
elements were determined in two different-sized lots of 1938 prunes; ash 
and iron analyses of several sizes of 1939 prunes and pastes and bio-assay 
were carried out to find the availability of iron and copper of several 
of these products. 

ASHING METHOD 


Two methods of ashing were compared*—a modification of a quick 
method at high temperature with addition of rare earth salts, first pro- 
posed by Walters (1930) for ashing flour, and the normal ashing method, 
Association of Official Agricultural Chemists (1935). The prune flesh 
was cut into small pieces with a silver knife and dried in lots of 15 to 20 
grams in shallow, covered aluminum dishes. The drying was continued 


6c“ 


to ‘‘constant weight,’’ which required five to seven days at 70 to 75°C. 
(158 to 167°F.). 

The modified or quick method of ashing involved treating five-gram 
samples with 20 ml. of cerium nitrate solution [1.8915 gm. Ce (NO,),° 


* This study was assisted by a grant to the University of California from the Prune 
Proration Zone No. 1, San Francisco. 

? Assistance was rendered in this research by Works Projects Administration Unit 
A-(24(0803-1895/8-1). 

* The ashing comparison and part of the ash analysis was done by Y. J. Minassian. 
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12H,O per liter of 40-per cent alcohol] for one hour in the cold form, 
stirring every 10 minutes. The alcohol was then burned off and the cruci- 
bles were placed in a muffle furnace for 20 minutes at 790°C. Three 
blanks were run to determine the weight of cerium oxide deposited, and 
the average value thus obtained was used in caleulating the percentage 
of ash. ‘ 

For the ‘‘normal’’ ashing method five-gram samples were heated at 
580°C. for 24 hours, a few drops of concentrated nitric acid added, and 
the ash then heated in the muffle furnace to constant weight. 


The normal method in four determinations and the quick method in 
five gave practically the same mean for per cent of ash. The time of the 
analyst required for the operation was, however, about the same in the 
two, but the use of cerium nitrate appeared to increase the precision. If 


TABLE 1 
Ash Analysis of Prune Flesh' 


Size 120, 1938 crop 


Size 20-30,? 1938 crop 


Elements 


Total ash 
Ca 

Mg 

P 

Cu 

Fe 


Normal 
ash 


1.95 
0.069 
0.074 
0.136 
0.00085 
0.0062 


Ce(NOg)« 
ash 


Normal 
ash 


3.21 
0.109 


3.25 
0.109 
0.124 
0.176 
0.00101 
0.0173 


0.00107 


Ce(NOg)6 
ash 


1 Expressed in per cent of dry weight. * Number of prunes per pound. 


the dried samples were ground to a fine powder, weighed, and the cerium 
nitrate added to this sample, better incineration resulted. A homogeneous 
purée, obtained by adding a measured quantity of water to the sample 
and then subdividing it in a blender, is still better suited for ashing by 
the cerium nitrate method. The present official method, Assoc. Off. Agr. 
Chem. (1940), involves similar use of magnesium acetate. 


ASH ANALYSIS 

The calcium and magnesium were determined by ‘‘ Official Methods’’ 
(1935) in the ashes obtained by the two methods; phosphorus by the 
method of Fiske and Subbarow (1925); iron by that of Elvehjem (1930), 
copper by that of Elvehjem and Lindow (1929). It will be noted (Table 
1) that the only significant difference between the ashes obtained by these 
two methods lies in the apparent loss of P in the cerium nitrate ash. 

The very small fruit had a significantly greater content of all ash 
elements, indicating concentration of these elements in the skin. 

The 1938 samples (Table 1) used for this analysis were not from the 
same lot later utilized in the blood regeneration studies but the 1939 sam- 
ples (Table 2) represented those used in rat experiments (Table 4). 
Several samples of the 1939 crop were analyzed for ash and iron, the 
latter by the colorimetric orthophenanthrolene method of Saywell and 
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Cunningham (1937) (Table 2). It was interesting to note that the pits 
were relatively poor in mineral constituents compared with the flesh, and 
the whole ground fruit was therefore lower in iron than the flesh. 

A paste * made of whole cull fruit was found to contain nearly 10 times 
as much iron as the flesh of large prunes. Three samples, taken at pro- 
gressively advanced stages of the crushing and grinding operation, con- 
tained 1.76, 1.86, and 2.07 ash per cent of wet weight and 0.31, 0.59, and 
0.91 per cent of iron in these ashes. Apparently iron from the grinding 
plates was taken up by the paste. 


TABLE 2 
Ash and Iron in Prunes, 1939 Crop 















Iron 

Fruit samples Water =—y Dry ; : Fresh 
weight Ash weight 

pet. pet. pet. pet. pet. 

TOGO GiGe,, TOG OTE 5... cccsceseccscocssessosovees 26.5 2.25 .0031 0.14 .0023 
TI I sacs ssercss sic venktecsecatssseesns 22.0 1.95 .0025 0.13 -0020 
TOO-1S0 gise, BEG ONIEV........<ccccccscesessorssse 28.7 2.83 .0044 0.15 .0031 
NN I Gaissiiacsnsssecoitcorsenctoeiewasesscccestorecs 10.2 0.81 .0077 0.09 .0006 
WINS. BOR a cccscctsesciveconssacorssoesessssors 25.00 | 2.17 -0030 0.14 .0022 
Prune paste coos] |6=— BB 2.25 .0320 1.42 -0260 
REO NES, TO Ii cic cincscsececsscceses 35.8 2.38 .0374 1.57 .0270 





This paste, which was used in some of the anti-anemic tests with rats 
and later in a dog-feeding experiment, was compared with a similar paste 
containing no pits (Table 3). 


TABLE 3 


Composition of Prune Pastes 





| | 





Iron 





‘ Ash 
Paste Ether | protein | - ——- 
extract | Wet Dry Of ash Wet Dry 
pet. pet. | pet. pet. pet. pet. pet. 
Whole prunes (23% water)... ST | 2.58 1.83 | 2.25 1.42 .026 .032 
Flesh only (35.8% water)... .33 | 1.81 1.75 2.38 1.57 .027 .037 





So far as these data go it may be assumed that the paste containing 
pits is not inferior to that without pits but, as will be noted later, the 
whole prune iron was less valuable biologically. No evidence of toxicity 
from the presence of amygdalin in the kernel was noted in the animals 
which were fed fairly large amounts of the whole prune paste, 20 per 
cent of the whole food given, for example, in the case of young dogs. It 
is plain that toxic breakdown of the cyanide-containing compound of the 
kernels does not take place in the dried fruit. 

The range of iron content in these 1939 samples is in most eases quite 
like that found by Saywell, Dietz, and Robertson (1934) by the Stugart 
(1931) method, except for the very small fruit of the 1938 crop which 


“These pastes were supplied by Rosenberg Brothers and Company of San Francisco. 
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was not used in the rat experiments. The preparation of samples for 
analysis may have a significant effect upon the iron content, however, since 
surface dust is likely to be rich in iron, and treatment of trees with various 
iron and copper-rich sprays and fertilizers may affect the composition of 
the fruit. We have no record of the exact origin of the 1938 samples. 
Saywell et al. (1934), however, used fruit known to be free from treat- 
ment with iron or copper salts. The copper content of the two 1938 prune 
samples analyzed in this study was about three times that found by Say- 
well and co-workers. 


TABLE 4 
Hemoglobin Regeneration in Anemio Rats Fed Prune Products 























7 “ Hemoglobin Crop year 
Daily Copper : Number | (gm./100 gm. and 
_iron supple- Source of iron of blood) gain size of 
intake ment rats in 5 weeks prunes 
mgm. mgm. | 

05 | 05 | Tronas FeCls 4 | an 
05 None | Prune-flesh ash, 36 mgm. 4 1 1938, 50-60 
10 05 Tron as FeCl; 4 o> i =. «—sase- 
10 .05 Prune flesh, 2.2 gm. | 5 4.4 1938, 50-60 
10 None Prune flesh, 2.2 gm. 10 | 2.4 1938, 50-60 
10 | None Prune flesh, 4.0 gm. | 7 | 2.3 | 1939, 50-60 
20 =| .05 Prune, flesh, 2.3 gm. } 
.00 00 ironas FeCh,0.lmgm. | 6 5.9 1938, 50-60 
None 1 17 | ANB | eaeoscsceeneenee 
| | (6 died) 
15 .05 Iron as FeCls 9 | 7. ee .odaeeeeee 
15 None Prune flesh ash, 100 mgm. 3 | 6.2 | 1939, 100-120 
15 .05 Prune flesh ash, 100 mgm. 10 6.6 | 1939, 100-120 
15 None Prune flesh, 5 gm. 10 7.0 | 1939, 100-120 
15 None | Prune paste, 0.6 gm. 8 6.5 | 1939, 100-120 
15 05 Whole-prune ash, 107 mgm. 8 6.6 | 1939, 100-120 
15 None | Whole-prune paste, 0.6 gm. 9 6.7 1939, 100-120 
00 .05 | None 9 —2.0 | asenessesesennes 
| (3died) | 
30 05 Iron as FeCls 10 8.5 ola 
.30 .05 Whole-prune ash | 10 | 6.6 | 1939, 50-60 
30 05 Prune-flesh ash 10 8.6 1939, 50-60 


BIOLOGICAL EXPERIMENTS 

The method used to determine the availability of the iron and copper 

of prunes for hemoglobin production was the well-known nutritional-anemia 
technique with rats. Young weanling rats were placed on a diet of whole 
dried milk, on which regime they grew normally but gradually became de- 
pleted of the mineral elements required for hemoglobin production. After 
three to six weeks the level of hemoglobin, determined by the Newcomer 
method on tail blood, usually fell to five per cent or less. The animals 
were then grouped as to sex and litter so that comparable animals were 
given the various test doses for the following five to eight weeks. Alto- 
gether 225 rats were used in five experiments. Four of these experiments, 
summarized (Table 4), dealt with the value of prunes and prune ash as 
souree of iron and copper fed at different levels. The fifth experiment was 
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concerned with the curious depigmentation of fur which was noted in 
this study, as it has been previously by others. 

The difference in utilization of iron between male and female anemic 
rats, shown by Smith and Otis (1937a), was taken into account in the 
grouping of the animals but was not found to be consistent. 

The prunes and ashes were fed at four levels of iron intake, 0.05, 0.10, 
0.15, and 0.30 mgm. daily, and the ash solutions were given separately 
from the basal diet and were eaten promptly and completely by the rats. 
In all eases the control animals were given 0.05 mgm. of copper and 0.04 
mgm. of manganese daily in order to insure full utilization of the iron fed 
as FeCl,. Glass-tipped water bottles, glass food cups, and well-tinned 
wire cages were used. 

The hemoglobin regeneration of the rats fed the various levels of iron 
as pure ferric chloride was quite similar to, but slightly less than, those 
found by Smith and Otis (1937b) even though the hemoglobin levels 
achieved on four or five weeks’ depletion were higher than those ordin- 
arily found. The administration of 0.05 mgm. of copper throughout the 
depletion period and to the negative groups was not observed to affect 
the speed of depletion and only slightly the final hemoglobin level, but the 
weight gain was increased when copper was fed. 

In a series on 0.30 mgm. iron level, fresh liquid milk and dry whole 
milk as the basal diets were given to parallel groups. There was little dif- 
ference in the onset of severity of the anemia, but the 23 rats fed on liquid 
milk in 30 days attained an average weight of 98 grams and 4.7 per cent 
hemoglobin, while 25 litter mates on dried whole milk attained 119 grams 
and 5.4 per cent. The responses of these two groups to the supplements 
were alike. Dried milk is more satisfactory both as to use and control of 
composition than is liquid milk and ensures more growth and fewer deaths 
during the depletion period. Since the response to equal amounts of iron 
appeared to be substantially the same in the rats fed either type of milk, 
the dried milk was adopted for use in later experiments. 

The ash of prunes (120 size) of the 1938 crop was used in a series at 
the level of 0.05 mgm. of iron and was found not to be as useful for hemo- 
globin regeneration as the same amount of iron as FeCl,. No copper was 
given with the prune-ash supplement and this may well account for the 
failure. The group given ash of prune pits at this level also made poor 
hemoglobin regeneration. 

In the series at the 0.10 mgm. iron level prune flesh (50-60 size, 1938 
crop) was fed as source of iron with 0.05 mgm. of copper and the same 
amount without the copper. In the latter case the availability of the 
iron was 50 per cent but with the copper, 93 per cent. In a later experi- 
ment the value of 50-60 size prunes (1939 crop) without copper was found 
to be just the same as for the 1938 samples. The limiting factor in the 
utilization of the prune iron at this level appeared to be the accompanying 
copper. 

In another experiment both ash and prunes were fed as the source of 
iron at the 0.15 mgm. level with success. These were 100-120 size prunes 
(1939 crop) ashed in the laboratory and also crushed to a paste,* whole 
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or with pits removed. The whole-prune paste and its ash, flesh paste and 
its ash, and the unground flesh were found to be equally effective as 
sources of iron at this level. The pit-ash iron was less available. 

The substantial equivalence of the prune products and their ashes 
for hemoglobin production indicates the excellent availability of the 
iron of the fruit. In this respect prunes are like legumes and molasses, 
Sheets and Ward (1940), and unlike spinach and other leaves, Sherman, 
Elvehjem, and Hart (1934). Our effort to determine the ionizable iron 
of prunes by the dipyridyl method of Hill (1930) was unsuccessful be- 
cause of the deep coloring of the extracts obtained with dilute acid and 
aleohol. The dark solutions were cleared with charcoal but the filtrates 
apparently contained no ferric iron. Either no iron was extracted or more 
probably it was adsorbed on the chareoal. Shackleton and MeCance 
(1936), however, reported 3.2 mgm. per cent total iron in ‘‘dry prunes’’ 
and found 72 per cent of it available, as determined by the dipyridyl 
method. 

The whole question of the reliability of any chemical method of pre- 
diction of biological value of food iron is unsettled. Some investigators 
are satisfied with the agreement between chemical and biological tests of 
the value of foods as sources of iron for hemoglobin production and 
others are not. The relative availabilities found by different investigators 
for the same type foods and by the two methods are in many eases not in 
satisfactory agreement. 

Examination of the data (Table 4) leads to the conelusion that both 
the whole ground prunes and their ash and pit ash provide somewhat less 
valuable iron than the ground prune flesh and its ash. At the 0.3 mgm. 
iron level, for example, the flesh ash gave 8.6 and the whole prune ash 
6.6 per cent increase of hemoglobin in parallel groups. This may be due 
either to greater concentration of copper in the flesh than in the pits or 
to decrease in solubility of the ash elements in the presence of silica or 
other indigestible constituents of the pits. In an earlier biological study 
with anemic rats, Hanning (1934) noted an increase of 2.0 gm. of hemo- 
globin per 100 gm. blood when prunes were fed to supply 0.1 mgm. of 
iron and 0.006 mgm. of copper daily. This agrees closely with the effect 
of the same amount of iron in prunes without supplemental copper used 
in this experiment (Table 4). The deficiency appeared to be due to lack 
of copper in the prunes, according to Hanning. The iron content in pro- 
portion to copper of the prunes used must have been excessive (23 and 
0.0013 mgm. per cent) if 0.441 gm. dried prunes furnished 0.1 mgm. iron 
and 0.006 mgm. copper. 

At the higher levels of prune and prune ash intakes, that is, daily 
amounts yielding 0.15 mgm. of iron or more, the amount of copper pres- 
ent appeared sufficient to insure maximum iron utilization, but at lower 
levels the copper appeared to be the limiting factor of the antianemic value 
of the samples. Thus the ashes at 0.05 mgm. level without copper had low 
availability and the prune flesh at 0.10 mgm. iron level had 50 per cent 
without copper and 93 per cent with copper. At 0.15, 0.20, and 0.30 mgm. 
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iron levels the iron of ash, flesh, and whole fruit was 74 to 97 per cent 
available. 
GREYING OF FUR OF ANEMIC RATS 

Greying of the fur of black and piebald rats was noted after three tc 
six weeks on the milk diet used to produce low hemoglobin levels for the 
study of the response of these animals to prunes. This has been observed 
frequently by others. Keil and Nelson (1931) first reported the depigmen- 
tation as caused by milk anemia and as not cured by administration of iron 
but only by iron and copper together. Gorter (1935, 1939) did not investi- 
gate the blood picture of his animals but obtained greying in rats and eats 
which responded to copper only and not to zine; Stirn, Elvehjem, and 
Hart (1935) found the grey and scanty coats of zine-deficient rats returned 
to normal by zine feeding. The latter investigators also did not report on 
blood composition. Free (1940) examined the greying produced by milk 
diet in comparison with that due to ‘‘filtrate-factor’’ deficiency and found 
them specific and not amenable to interchanged treatment. 

Of the first lot of 76 rats made anemic on milk diet it was noted that 
within five to eight weeks all dark-furred animals developed greying or 
rufous patches and in many eases lost the long guard hairs, presenting a 
mole-like appearance of the coat. In some eases the hair fell out, and bald 
or thinly covered patches developed. Some of these animals which were 
kept for four to five months on 0.05 mgm. of iron daily with hemoglobin 
level of six to nine per cent were given large doses of concentrated yeast 
extract, a treatment which had been found rapidly curative of the depig- 
mentation produced by ‘‘filtrate-factor’’ deficiency. This deficiency syn- 
drome was undoubtedly largely due to lack of pantothenic acid although 
other and still unidentified factors were probably involved. In the anemic 
grey rats the treatment was ineffective both as to hematopoiesis and the 
greying of fur. Persistent thymuses, mottled livers, and pitted kidneys 
were found on autopsy. 

Another group of seven of these rats after four months on the same 
regime (0.05 mgm. iron, 0.05 mgm. copper, and 0.04 mgm. manganese 
daily) showed similar greying and loss of fur and low hemoglobin, six to 
eight per cent. They were then given 0.5 mgm. iron, 0.1 mgm. copper. 
and 0.04 mgm. manganese daily for five months. The hemoglobin level 
rapidly rose to 15 to 18 per cent but in only one case was there a return 
to normal pelage. Some improvement was noted in four and no change 
in two others. On autopsy there were found mottled pebbly livers and 
pitted kidneys, the pelvis being completely destroyed in two eases. The 
removal of the iron and copper deficiency did not, during this relatively 
long time, repair the hair and skin damage or prevent the liver and kidney 
changes. Since in an extensive experience with cure of pantothenic acid- 
deficient rats failure of re-pigmentation in such a period has not been 
observed, it would appear that delayed moult is not responsible. 

A new lot of 26 rats from four litters was then placed on the milk diet 
and divided into four groups to receive daily supplements as follows: 
(1) 0.05 mgm. iron, 0.05 mgm. copper, 0.04 mgm. manganese; (2) 0.3 
gm. concentrated yeast filtrate; (3) both supplements given Groups 1 
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and 2; (4) no supplement. There was no depletion period so that most 
of the rats were never severely depleted of iron reserves. After two 
months, when the hemoglobin levels varied from eight to 11 per cent, all 
groups had made nearly the same weight gains and all were equally grey. 


Since it seemed possible that these animals might be suffering from 
B-vitamin deficiencies two out of each group were given further supple- 
ments of thiamin, riboflavin, and pyridoxine, 10 micrograms each per day 
for the following two months. No increase in rate of weight gain followed 
but there was a prompt rise in hemoglobin, averaging 3.4 per cent. Addi- 





Fig. 1. Greying produced by nutritional anemia in the same period, three to four 
months, in Rats 1 and 3; and by pantothenie acid (filtrate-fraction) deficiency in Rat 4. 
Rat 2 was normal. 


tional iron, 0.05 mgm. daily, brought about a rise of 2.1 per cent in another 
small group, but inerease in the yeast filtrate to 1.2 gm. per day had no 
effect. The latter group and all others with no change in supplements made 
no gains or lost one to three per cent hemoglobin. There was little change 
in fur color in any of these rats, although as hemoglobin levels rose some 
re-pigmentation usually occurred. 

Photographs of two of these animals, a control and a non-anemic, 
pantothenic acid-deficient rat, are shown (Fig. 1). It seemed clear that 
pantothenic acid and other substances found in the nonadsorbable fraction 
of the B complex are not concerned in hemoglobin production but that the 
adsorbable group may be. Gyérgy, Robscheit-Robbins, and Whipple 
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(1938) found that riboflavin increased the hemoglobin-regenerating capac- 
ity of dogs. Similar activity was found in pyridoxine given to rabbits after 
venesection, Déllken (1940). Leverton and Marsh (1942) noted better 
retention of iron by young women eating diets generous in other nutri- 
ents, including the B vitamins, on the same low iron intake than others 
living on suboptimum diets. 

SUMMARY 

Several samples of California French prunes were ashed by two meth- 
ods and analyzed for certain mineral constituents, particularly iron. Total 
ash and all elements determined were larger in the flesh of small than of 
large sized fruit, indicating mineral concentration in the skins. Whole 
fruit and pits were relatively poor in ash and in iron. 

The regeneration of hemoglobin in rats made anemic by whole-milk diet 
was not as good at low levels of iron intake in animals given prunes as in 
those given inorganic iron and copper, but when small amounts of copper 
were given also, the prune iron became practically completely available. 
At the higher levels of iron intake the prune flesh and its ash were nearly 
equivalent to the inorganic iron but the whole prunes, including pits and 
their ash, were somewhat less effective. 

It is concluded that prune iron is largely available for hemoglobin 
production but its usefulness is limited at lower levels of intake by the 
prune copper content. ‘ 

The greying of the fur seen in the milk-fed rats was only partly 
remedied by iron and copper feeding as well as by pantothenic acid and 
unknowns in a concentrated yeast filtrate. Supplements of thiamin, pyri- 
doxine, and riboflavin, however, improved hemoglobin regeneration and 
promoted some re-pigmentation. 
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This study was undertaken in order to determine how the ascorbic acid 
content of cabbage was affected by different home procedures. There are 
many reports in the literature concerning the ascorbic acid content of 
cabbage, and several that deal with the effect of cooking and advance 
preparation on the amounts of ascorbic acid present. 

Freshly harvested cabbage has been found to contain varying amounts 
of ascorbic acid. Burrell, Brown, and Ebright (1940) determined the 
amounts of ascorbic acid in 30 varieties and strains of cabbage, obtaining 
an average figure of 1.002 milligrams of ascorbic acid per gram of cab- 
bage. The 10 highest varieties and strains gave an average of 1.529, while 
the average for the 10 lowest was 0.592. For small-headed cabbage Floyd 
and Fraps (1939) report an average value of 130 milligrams for 100 
grams. Mayfield and Richardson (1940) found that Danish Ballhead 
cabbage, harvested in the latter part of October, contained 0.63 milligram 
of ascorbic acid per gram. Murphy (1942) determined the ascorbic acid 
content of four varieties of cabbage, which were all grown in four loeali- 
ties, and found that the values varied from approximately 22 to 138 milli- 
grams per 100 grams. A range from 0.31 to 0.44 milligram per gram in 
nine samples of freshly cut cabbage was reported by Pederson, Mack, and 
Athawes (1939). Ranganathan (1935) obtained values of 132.6 milli- 
grams per cent of ascorbie acid for the fresh inner leaves of cabbage, and 
125.8 for the fresh outer leaves. Tressler, Mack, and King (1936) reported 
an average value of 0.31 milligram of ascorbic acid per gram for four 
varieties of cabbage which they studied. Gould, Tressler, and King (1936) 
determined the ascorbic acid content of three varieties of summer cabbage, 
and three of the fall type; the average values were 0.55 and 0.29 milligram 
per gram, respectively. 

The loss of ascorbic acid on cooking cabbage has been of interest for 
several years, and in general, the losses reported are rather high. Delf 
(1918) heated cabbage at various temperatures and obtained a 70-per 
cent loss when it was cooked at 90 to 100°C.(194 to 212°F.) for 20 
minutes. Eddy, Shelow, Pease, Richer, and Watkins (1923) stated that 
cooking cabbage by either the open-kettle method or the pressure-cooker 
process caused destruction of vitamin C which was slightly less than 95 
per cent of the total. This amount represented the loss caused by heat 
and by extraction. Jarussowa (1935) found that approximately 80 per 


* Work undertaken as part of the National Cooperative Experiment Station Project 
on ‘‘Conservation of Nutritive Values of Foods.’’ 
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cent of the vitamin C remained in the cabbage and cooking water after 
cooking for one hour. Halliday and Noble (1936) boiled cabbage which 
was cut in small pieces in a large amount of water for 10 minutes and 
found that 69 per cent of the ascorbic acid was in the cooking water while 
none was destroyed. Burrell and Ebright (1940) reported losses for 
cooked shredded cabbage of 70 per cent when the cooking water was dis- 
carded and 55.5 per cent when the water was saved. Mayfield and Rich- 
ardson (1940) obtained a loss of approximately 55.5 per cent on boiling 
cabbage. Gould, Tressler, and King (1936) boiled cabbage in a large 
amount of water and found that less ascorbic acid was retained in the 
cabbage as the boiling times were increased. Wellington and Tressler 
(1938) cooked cabbage cut into pieces of different size, by three methods, 
and found that the amount of ascorbic acid retained varied from 66 per 
cent when finely shredded cabbage was panned to 22 per cent when 
similar cabbage was boiled. 

A few studies have been made of the effect on the ascorbic acid content 
of preparing cabbage for serving raw. Mayfield and Richardson (1940) 
obtained the same values for the ascorbic acid content of cole slaw tested 
immediately after preparation, and tested again after it had stood for 
one hour. Lampitt, Baker, and Parkinson (1942) stated that the concen- 
tration of ascorbic acid in shredded cabbage fell rapidly during the first 
10 to 15 minutes, and that the value then obtained remained constant for 
30 hours provided that the cabbage was kept cool. Pyke (1942) reported 
that there was no significant loss of ascorbic acid in cabbage shredded 
with a sharp knife during a subsequent three-hour period of standing. 

This work was planned in order to determine the effect of several 
common procedures on the ascorbic acid content of cabbage. These in- 
cluded shredding cabbage and allowing it to stand for definite periods of 
time in contact with the air and covered with water; boiling cabbage in 
three different amounts of water and for three periods of time; cooking 
cabbage, holding the cooked product in the refrigerator, and reheating it 
after one and three days; and, incidentally, the effect of storing cabbage 
under different conditions. 

EXPERIMENTAL PROCEDURE 

Wisconsin Golden Acre, Racine Market, and Resistant Detroit varieties 
of cabbage, supplied by the Department of Horticulture, were used in this 
study. This cabbage was grown on prairie loam soil and was harvested on 
October eighth. In general, the heads were fairly small, although the 
weights ranged from 240 to 857 grams. The heads were not firm and the 
outside leaves were green. When the cabbage was harvested, 18 heads 
were taken for moisture and ascorbic acid determinations, and the rest 
were placed in 50-pound, tightly covered, lard cans. These were stored 
at the Horticulture Field Laboratory in a room where the temperature 
varied from —0.5 to 4°C.(31 to 39°F.). One can was brought to the 
IHlome Economies Laboratory, as needed, and kept in the refrigerator at 
2 to 7.5°C.(35.6 to 45°F. ). 

For the determination of ascorbie acid the titration method of Till- 
mans, Tlirseh, and Hirsch (1932). as modified by Bessey and King (1933) 
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and Bessey (1938), was used. Ten-gram samples of cabbage were weighed 
out in 20 ml. of three-per cent metaphosphorie acid. The samples were 
ground in the acid with sand; the mixtures were centrifuged and the 
supernatant liquids were filtered through cotton into volumetric flasks. 
Washing and re-extraction was carried out with four 15-ml. portions of 
metaphosphorie acid, and the extracts were made up to volume. Aliquots 
were titrated with solutions of 2,6-dichlorophenolindophenol, which were 
made up every five days and standardized daily with solutions of erystal- 
line ascorbic acid. 

Samples for the determination of ascorbic acid in raw cabbage were 
prepared by quartering each head of cabbage in the lot and using alter- 
nating lengthwise and crosswise sections from slices of each quarter until 
the desired weight was obtained. Portions of the core were not included 
since the cores were removed prior to cooking. In any one experiment on 
the effect of variations in cooking, or advance preparative procedure, one 
quarter of each cabbage was placed in the lot to be analyzed raw, and the 
others in three different lots to be used for the three variations. The result- 
ing products were sampled at random. 

Cabbage was prepared in the following ways to determine the effect 
of variation in procedure on the ascorbic acid content. 

Variation in Amount of Water Used for Cooking: Four hundred-gram 
portions of approximately *4-inch slices of Wisconsin Golden Acre ecab- 
bage were boiled in 200, 800, and 1,600 ml. of tap water in aluminum pans 
with fitted covers for seven minutes. All the cooked products were of good 
quality ; the eabbage cooked in 1,600 ml. of water was slightly softer and 
greener than that cooked in 200 ml. of water. Details of the cooking pro- 
cedure—regulation of the gas burners, control of the amounts of water, 
amounts of salt used, and draining and weighing of the cooked produets— 
were carried out according to the mimeographed outline of Recommended 
Laboratory Procedures for Food Preparation and Food Preservation for 
the National Cooperative Experiment Station Project on ‘‘ Conservation of 
Nutritive Values of Foods’’ in all of the experiments. Three extractions 
and determinations of ascorbic acid were made on the raw portion and 
on each of the cooked portions, and the experiment was repeated four 
times. Two aliquots of each cooking water were used for ascorbic acid 
determinations. 

Variation in Time of Cooking: Four hundred-gram portions of sliced 
Wisconsin Golden Acre cabbage were boiled in 800-ml. volumes of water 
for 7-, 15-, and 25-minute periods. The seven-minute boiling period was 
optimum for the tender, green cabbage used. Three extractions were made 
on each sample. 

Variation in Method of Boiling Cabbage to the Same Stage of ‘‘ Done- 
ness’’ Judged Subjectively: Four hundred grams of Resistant Detroit 
cabbage were boiled in 800 ml. of water for seven minutes in a covered 
aluminum pan. Two 400-gram portions were boiled in 800 and 1,600 ml. 
of water for five and one-half and eight and one-half minutes, respectively, 
in uncovered aluminum pans. Four extractions were made on each portion. 

Variation in Time of Holding Cooked Cabbage Before Reheating: Three 
400-gram portions of sliced Wisconsin Golden Acre cabbage were boiled in 
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800 ml. of water for seven minutes. One was sampled immediately while 
the others were allowed to cool for one hour and then held in covered 
containers in the refrigerator at 4 to 6°C.(39.2 to 42.8°F.) for 24 and 72 
hours. After holding, they were boiled in 100 ml. of water for two minutes. 
Four extractions were made on each portion and the experiments were 
repeated four times. 

Effect of Advance Preparation of Cabbage: Three hundred-gram por- 
tions of Racine Market cabbage were shredded with a stainless-steel knife. 
The slices were approximately *4, of an inch in width; one portion was 
allowed to stand in contact with the air for one hour and two were covered 
with the tap water and allowed to stand for one- and three-hour periods. 
In addition two lots of cabbage purchased on the market were used in 
this portion of the study. 

Effect of Storage: The ascorbie acid content of six Racine Market ecab- 
bages was determined at harvest and after one, two, and three months of 
storage. After storage in the Horticulture Field Laboratory, 16 heads of 
Resistant Detroit cabbage were divided into four lots. One lot was ana- 
lyzed immediately ; one was allowed to stand at room temperature of 25°C. 
(77°F.) for three days; one was kept in the refrigerator for four days; 
and the last was in the refrigerator for seven days. During this period 
the refrigerator temperature ranged from 3 to 8°C.(37.4 to 46.4°F.). 


RESULTS AND DISCUSSION 


The figures for the ascorbic acid content of cabbage are given in 
milligrams per gram as determined, unless otherwise specified, while the 
per cent values for retention, solution, and loss are caleulated on the basis 
of the original raw weights. 

At the time of harvest, Wisconsin Golden Acre, Racine Market, and 
Resistant Detroit cabbages contained, respectively, 0.42+0.02, 0.47+0.00, 
and 0.48+0.01 milligram of ascorbic acid per gram. In general, these 
values are lower than others reported in the literature. However, they 
are higher than the figures obtained by Gould, Tressler, and King (1936) 
for three types of autumn cabbage and the average computed by Pederson, 
Mack, and Athawes (1939) from their ascorbic acid determinations on nine 
samples of freshly cut cabbage. Burrell, Brown, and Ebright (1940) re- 
ported a higher ascorbic acid content for Resistant Detroit cabbage than 
was found in this study. 

The figures for the ascorbic acid content of cabbage after three periods 
of storage and after subsequent holding at two temperatures (Table 1) 
show that if the ascorbie acid content is calculated in milligrams per gram 
of dry weight, it is evident that no significant loss of ascorbie acid occurred 
during the first two months of storage or during holding in the refrigerator 
for a week. Losses occurred during the third month of storage and when 
cabbage was held subsequently at room temperature for three days. In 
the case of cabbage held at room temperature, the outer yellowed, wilted 
leaves were discarded before the determinations were made so the total 
loss of ascorbie acid was probably higher than these figures indicate. 
Mayfield and Richardson (1940) observed a decrease of about 25 per cent 
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in the ascorbic acid. content of cabbage stored for six months. The figure 
in the present study, approximately nine per cent for three months, seems 
consistent with their higher figure for a longer period. 

There was a significant difference in the amounts of ascorbic acid 
retained in cabbage cooked in different amounts of water; the figures for 
these experiments are given (Table 2). When the weight of water used 
was half the weight of cabbage, 78-2 per cent of the ascorbic acid re- 
mained in the cooked cabbage; when twice as much water as cabbage was 
employed in cooking, 60+3 per cent remained; and when four times as 
much water as cabbage was used, only 51+1 per cent of the original 
ascorbic acid was retained. Approximately twice as much ascorbic acid 
was dissolved in the medium and large amounts of cooking waters as in 
the small amounts. The loss in ascorbic acid increased as the volume of 
water used in cooking was increased. The percentages of ascorbic acid 
retained by the drained, boiled cabbage are higher than those obtained 
by other workers, but the cooking conditions in this study favor greater 
retention. Wellington and Tressler (1938) boiled 360 grams of cabbage, 
cut in \%-inch strips, in 1,800 ml. of water for 10 minutes and found 
that 32 per cent of the original ascorbie acid remained in the drained 
cabbage. However, the proportion of water to cabbage used is higher than 
the four-to-one ratio used with the largest amount of water in the present 
study. Oser, Melnick, and Oser (1948) investigated the retention of vita- 
mins and minerals in four vegetables when cooked by ‘‘new-improved’’ and 
‘*old-fashioned’’ methods. They reported losses of ascorbie acid of 14 per 
cent for peas and 33 per cent for broecoli when cooked by the ‘‘new- 
improved’’ method. Loss of approximately 22 per cent for cabbage cooked 
in a small amount of water in this study compares favorably with these 
figures. 

The results obtained when boiling periods of different lengths were 
used (Table 3) indicate that when eabbage was boiled in twice its weight 
of water for 7-, 15-, and 25-minute periods, 55+2, 52+1, and 52+2 per 
cent, respectively, of the original ascorbic acid remained. Under the con- 
ditions of this experiment, increasing the length of the cooking period 
approximately three and one-half times, did not significantly decrease the 
amount of ascorbic acid in the cooked cabbage. Gould, Tressler, and King 
(1936) boiled 360 grams of cabbage in 1,800 ml. of water for 12 minutes 
and found that the amount of ascorbie acid in the cabbage decreased, 
while the concentration in the cooking water increased during this period. 
In this experiment the concentrations of ascorbic acid in the cooking 
waters averaged 0.064, 0.121, and 0.188 milligram per ml., respectively, 
for the 7-, 15-, and 25-minute cooking periods, but the volumes of cooking 
water decreased with longer times of cooking. It would be interesting to 
know whether more ascorbie acid would have been lost with longer cooking 
periods if larger amounts of water had been used. 

In cooking cabbage by different methods to the same stage of ‘‘done- 
ness’’, slightly more ascorbie acid was retained when cabbage was boiled 
for seven minutes in 800 ml. of water in a covered pan then when it was 
boiled for eight and one-half minutes in an uncovered pan or when it was 
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boiled for five and one-half minutes in 1,600 ml. of water in an uncovered 
pan; the detailed figures are given (Table 4). 

When 400-gram portions of cabbage were boiled in 800 ml. of water 
for seven minutes, held in refrigerator for 24 and 72 hours, and reheated, 
there were significant losses of ascorbic acid (Table 5). The cabbage 
tested immediately after cooking was found to retain 57+2 per cent of 
its aseorbie acid; the retention after holding the cooked cabbage for 24 
hours and reheating was 29+3 per cent; and after holding similar cab- 
bage for 72 hours and reheating, 24+4 per cent. The difference between 
the ascorbic acid contents of the two reheated cabbage samples is not 
significant. The cooking waters of the reheated cabbage contained between 


TABLE 5 


Ascorbic Acid Content of Cabbage’ When Raw, Cooked, and 
Reheated After Storage 





| Cooked cabbage Cooked cabbage, 
Raw cabbage Cooked cabbage stored 24 hr. stored 72 hr. 
and reheated and reheated 





Date 4 | Ascorbic Ascorbic Ascorbic Ascorbic 
Moisture acid acid Tintin. acid ne acid ci 

; “ mean and . 
average | average average | tion average | tion average tion 
deviation | deviation | deviation | deviation deviation 


mean and | mean and mean and mean and 


pet. mgm./gm. mgm./gm. ; mgm./gm.\| pet. mgm./gm. pet. 
11-6-42 |93.2+0.1| .38+.02 | .21+.02 § .10+.00 24 .09+.01 21 
11-10-42 |93.4+0.1 | .39+.01 g 13+.01 28 .09+.00 20 
11-11-42 |93.0+0.1| .42+.01 | .24+. 14+.00 28 | .14+.01 28 
11-27-42 

Mean and 
average 

deviation 














1 Wisconsin Golden Acre variety. 


three and four per cent of the original ascorbic acid. Since ascorbic acid 
determinations were made only immediately after boiling and after hold- 
ing and reheating, it is impossible to say whether the loss occurred during 
cooling, during the first 24 hours of storage, or when the cabbage was 
reheated. Gould and Tressler (1936) found that when cooked cabbage 
was stored in the refrigerator for 24 hours, approximately one-fourth of 
the ascorbic acid was lost and that in two days the loss averaged 50 per 
cent. 

The effect on the ascorbie acid content of allowing shredded cabbage 
to stand in the air for one hour, and in water for one and three hours is 
presented (Table 6); the per cent retentions were, respectively, 97+2, 
94+1, and 96+2. 

Evidently the losses owing to these types of advance preparation are 
not large. Of two lots of cabbage purchased on the market, the results 
with one confirmed those given (Table 6). while the other lot showed 
greater losses. With the second lot purchased, shredded cabbage was 
allowed to stand one hour in air, one hour in water, and three hours in 
water: the percentages of ascorbic acid retained were 97, 97, and 98, 
respectively. These heads of cabbage were similar in size to those grown 
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by the Department of Horticulture and the outer leaves were green, while 

the heads of cabbage in the lot purchased first were twice as large and the C 
outer leaves were creamy with a greenish tinge. When this cabbage was t 
shredded and allowed to stand in water for four hours, it retained 8&7 
per cent of the ascorbie acid, and 87 per cent after standing in water 
for 24 hours. The losses obtained with the small-headed, green ecabbages 
allowed to stand in air are similar to those reported by Pyke (1942). \ 


TABLE 6 t 


Ascorbie Acid Content of Cabbage’ When Raw, After Shredding and Standing 
in Air, and After Shredding and Standing in Water 





| Cabbage shredded Cabbage shredded Cabbage shredded 


Raw cabbage | and allowed to stand | and allowed to stand | and allowed to stand 
1 hour in air 1 hour in water 3 hours in water I 
Date , Ascorbic Ascorbic Ascorbic | Ascorbic 
Moisture acid acid acid acid 
mean and | mean and | meanand Reten- | meanand Reten- | mean and | Reten 
| average average average tion average tion | average tion 
deviation | deviation | deviation deviation deviation 


| 
i I 
pet. mgm, gm, pet. | gm. pet. 


pet. mgm./gm. | mgm./gm, | 
11-24-42 |93.6+0.2 | .41+.02 |.41+.01| 99 |.34+.01} 93 |.364.01 97 
11-25-42 (93.4+0.3 | .42+.00 |.42+.01 | 99 | .36+.00 | 94 | .35+.00 94 
12-1-42 | 93.2+1.0 .40+.00 |.38+.00 | 94 |.34+.00 94 |.34+.00 94 
12-2-42 |93.7+0.2 .38+.01 |.37+.00 | 95 | .34+.00| 97 | 344.01 100 





Mean and | | ] 
average | | | | 
IT. Seas ciate IE hg fo ee ot i | 96+2 


3 Racine Market variety. 
SUMMARY 

The ascorbie acid content of cabbage did not decrease when freshly 
harvested heads were stored in closed containers at —0.5 to 4°C.(31 to : 
39°F.) for two months, or when the heads were kept in the refrigerator 
for a week. Losses of ascorbie acid oceurred during the third month of 
storage and when cabbage was held at room temperature for three days. , 

When cabbage was boiled for seven minutes in the proportions of one 
part by weight of cabbage to one-half, two, and four parts of water, the 
per cent retention of ascorbic acid decreased as the volume of cooking 
water increased. 


When cabbage was placed in twice its weight of boiling water and ( 
boiled for 7-, 15-, and 25-minute periods there was no significant differ- 
ence in the ascorbic acid retention of the three cooked samples. 


Cabbage was cooked to the same degree of ‘‘doneness’’ by three meth- 
ods: boiling covered in twice its weight of water for seven minutes, boiling 
uncovered in twice its weight of water for eight and one-half minutes, and 
boiling uncovered in four times its weight of water for five and one-half 
minutes. Slightly more ascorbic acid was retained when cabbage was 
cooked by the first method, while no differences in aseorbie acid content 
were observed when cabbage was cooked by the second and third methods. 

When cooked cabbage was held in the refrigerator for one and three 
days and then reheated, there were additional losses of approximately 28 
and 33 per cent of the original aseorbie acid. 
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Losses in ascorbie acid content owing to advance preparation—shred- 
ding cabbage and allowing it to stand for one hour in air or for one and 
three hours in water—did not exceed 6 + 1 per cent. 
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Cellulose glycolic acid is a hydrophilic colloid which is derived through 
the etherification of cellulose with chloroacetie acid. By suitable methods 
of preparation, a uniformly substituted product containing 0.4 to 0.8 
carboxymethyl groups per anhydroglucose unit of the cellulose may be 
obtained. This type of cellulose glycolic acid is sold in the United States 
under the trade name of Collocel,' while the corresponding aluminum salt 
is available under the trade name Collocel A' and the water-soluble sodium 
salt as Collocel 8.1. Sinee these products have been found to be excellent 
emulsion stabilizers, thickeners, and binding agents, they can be used to 
advantage in food and pharmaceutical preparations. On this account it 
is necessary that information concerning their physiological activity be 
obtained. 

Brown and Houghton (1941), in considering the sodium salt of car- 
boxymethyl cellulose (sodium cellulose glycolate) containing 0.3 carboxy- 
methyl radicals per anhydrogluecose unit, state: ‘‘Tests on animals show 
that it is harmless physiologically and can therefore be used in edible 
preparations.’’ Their test material was manufactured by the Imperial 
Chemical Industries, Limited, and sold under the trade name of ‘‘Cel- 
lofas WFZ.’’ Werle (1941) has also shown that a sodium cellulose 
elycolate product, known commercially as ‘‘Z25,’’ is harmless when fed 
to rats and dogs for a two-month period. 


MATERIAL 

The cellulose glycolic acid and aluminum cellulose glycolate used are 
white, dense, granular powders. Both of these products are insoluble in 
water and in all of the common organic solvents. They are readily dis- 
solved, however, in dilute aqueous solutions of inorganic bases and some 
organic bases. Sodium cellulose glycolate in the form of a white, light, 
fluffy solid? was used in these experiments. It forms clear, colorless, 
aqueous solutions which are extremely viscous fluids even at three-per 
cent concentration and are gelatinous at five-per cent concentration ; 
analytical data concerning the samples tested are given (Table 1). 


DIETARY FEEDING 
Control and Basic Diet: A modified Sherman diet devised by Hawk 
and Oser and published by Hawk and Bergeim (1931) was used as the 


* Product of The Dow Chemical Company, Midland, Michigan. 
* Sodium cellulose glycolate is also now available in the form of a dense, granular 
powder. 
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TABLE 1 


Characteristics of Materials 




















Aluminum 


Cellulose | Sodium 

Analysis glycolic cellulose cellulose 

| acid glycolate glycolate 
Viscosity of 1% solution in centipoises............... ey | 23.0? 4.5% 
pet. pet. | pet. 

Ie WIND ooo circecetontessvevancsssecnenverosicovontuied = Insoluble | 98.1 | Insoluble 
EE 0.05 | 21.0 | 7.94 
Chlorine (Parr Bomb) . on 0.092 0.042 0.86 
I iia ioy 5s) acd csucdvaaancheddopennnpenubnnciarsiatietion Nil Nil 0.60 
Aluminum............ scenes chatelchceiileidn cde Nil | Nil 3.87 
i SEFTON I ET RET ET Nil 6.15 1.21 
| 1 RRSSSORSER ars Ase Maton c ene rier meer Comte te Ree Nil Nil | 0.017 

ALLELE ALENT 0.0026 | 0.0095 | 0.0048 
Ns scccivatinssinksksactnsateiipenciancencenincaatiebopereniiaiiniaepwnconees 41.92 36.98 37.08 
Is sisassss ccvenenivesbesuoveionoipsderbtubenrecabeteasasesenveninneeAl 6.24 5.81 5.82 





1 Determined in aqueous caustic solution at pH of 12. * Determined in aqueous solution. 


control diet throughout the experiment. This basic diet, designated as 
Diet I, was made up monthly and contained the following ingredients: 















Whole wheat, freshly ground........... 55% 
PRN EID TRIE voice osecconessccivessvesavoess 25% 
I IR IN oo iccsscctssciscciesecieceonsonecéutiectansineseniobicaonnne 12% 
Dried brewer’s yeast.. 5% 
Caleium carbonate 1% 
FOGIKOd GOWIC BBD .....0.icccccccesscesseosesese = 2% 





by 
by 
by 
by 
by 
by 


weight 
weight 
weight 
weight 
weight 
weight 


This diet, as well as the experimental diets, was supplemented twice a 
week with approximately three grams of cabbage per rat. 

Experimental Diets: Each of the experimental diets was made up by 
weight to contain five or 20 per cent of the test material and 95 or 80 


per cent, respectively, of Diet I, the basic diet. 


Experiment 1 


Diet I — control 
Diet II —- contained 5% cellulose glycolic acid 
Diet III — contained 5% sodium cellulose glycolate 


Q 


Diet IV —contained 5% aluminum cellulose glycolate 


Experiment 2 
Diet I —control 
Diet V --contained 20% cellulose glycolic acid 
Diet VI —contained 20% sodium cellulose glycolate 
Diet VII— contained 20% aluminum cellulose glycolate 


Animals: All of the rats used in this work were the progeny of stock 
obtained from the Wistar Institute. At the age of 21 days all the animals 
were weaned and placed on Diet I. The rats were fed from stainless-steel 
hoppers which were weighed and refilled three times a week. 
of the food consumed were kept for each of the four groups in both 


experiments. Water was provided ad libitum. 


Reeords 


All of the animals that were killed, as well as most of those that died 
during the experiment, were examined for gross pathological lesions. Rep- 
resentative animals in all groups were examined for histopathological 


changes. 
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Experiment 1: The first experiment involved the feeding of Diets I, 
II, III, and IV. For this experiment 100 young animals 22 to 32 days 
of age (average 25 days) were matched according to litter, sex, and 
weight. The sexes were caged separately and 10 males and 15 females 
were placed on each of the four diets. All animals were weighed twice 
weekly and individual weight records were kept throughout the experi- 
mental period of 201 to 250 days. 

Experiment 2: The second experiment involved the feeding of Diets 
I, V, VI, and VII. For this experiment 40 practically mature females 
varying from 82 to 98 days of age were matched according to age and 
weight and 10 animals were placed upon each of the four diets. All 
animals were weighed twice weekly and individual weight records were 
kept throughout the experimental period of 63 days. 


ORAL FEEDING 
The acute oral toxicity was determined by administering the test ma- 
terials to rats, rabbits, and guinea pigs by means of a stomach tube. 
Single doses of cellulose glycolic acid and its aluminum salt were fed as 
suspensions in olive oil and aqueous gum arabic while the sodium salt 
was fed as a three-per cent aqueous solution in three divided doses over 
a six-hour period. Control animals were treated in a comparable manner 
by administering similar volumes of the carriers employed. All animals 
except those that were autopsied for gross and histopathological studies 

were observed for a period of two weeks following feeding. 





SKIN IRRITATION 
: The test materials were repeatedly bandaged to the shaven bellies of 
) rabbits. Five observations and applications per week were made over a 
four-week period. 
DISCUSSION OF RESULTS 
DIETARY FEEDING 

Experiment 1—Feeding of Diets Containing Five Per Cent of Test 
Materials: Throughout the experiment there was no detectable difference 
in the appearance of the control rats and those on the experimental diets. 
Pneumonia caused practically all of the deaths which oceurred during 
the experiment, the incidence being the same in the control group as in 
the experimental groups. 

Food consumption records indicate that during the early part of the 
experiment when the animals were small and growing rapidly they were 
consuming as much as six grams of the test material per kilogram of 

; body weight per day. This daily dosage gradually decreased as the ani- 
mals grew larger until the daily dosage was approximately two to three 
: grams per kilogram of body weight for the mature animals. 

Composite weight curves for the animals maintained on Diets I, II, 
III, and IV are presented (Fig. 1) and the organ weights as obtained at 
autopsy of the animals after 201 to 250 days on the experimental diets 
(Fig. 2). It is apparent that there were no significant differences between 
the average weight curves or between the organ weights of the rats from 
each experimental group. Furthermore, tissues from representative ani- 
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mals in each group (about 40 per cent of all animals) were studied 
histopathologically and in no instance was there evidence of pathological 
lesions. The liver, kidney, spleen, pancreas, adrenal, testis, and gastro- 
intestinal tract were routinely examined. 

Experiment 2— Feeding of Diets Containing 20 Per Cent of Test 
Materials: Throughout the experiment there was no detectable difference 
in the gross appearance of the control rats and those on the experimental 
diets. Three deaths occurred during the course of the experiment and all 
were due to pneumonia. A softening of the feces was noted throughout 
the experiment in those animals maintained on Diet VI (20 per cent 
sodium cellulose glycolate) and also, but to a lesser extent, in those on 
Diet VII (20 per cent aluminum cellulose glycolate). 


[GROWTH CURVE FOR RATS ON CELLULOSE GLYCOLATE DIETS 
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Fig. 1. 


Composite weight curves for animals on Diets I, V, VI, and VII 
(Fig. 3) indicate that the animals on Diet V grew as well as did the 
controls on Diet I, whereas those on Diets VI and VII failed to make 
equivalent weight gains. The deviation from the control curve of the 
animals on Diet VI (sodium salt) was very slight and of questionable sig- 
nificance, while that of the animals on Diet VII (aluminum salt) was 
definite although not severe and was indicative of a possible ill effect. 

Food consumption records (Table 2) indicate that each rat consumed 
approximately 11 to 13 grams of the diet per day or approximately 11 
to 13 grams of the test material per kilogram of body weight per day. 
Such a dose is far larger than can be fed by stomach tube and constitutes 
a very severe test. Furthermore, if the quantity of food consumed is 
considered from a bulk standpoint it is apparent that those animals on 
Diet VI were eating almost one and one-half times as muchas the control 
animals and yet were consuming only about 75 per cent as much of the 
nutrient food. This decrease in nutrient food intake (assuming no nutri- 
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ent value from the sodium cellulose glycolate) could easily account for the 
very slight growth curve depression apparent (Fig. 3). Animals on Diets 
V and VII were eating about the same volume of food as the controls and 
were obtaining about 95 per cent as much of the nutrient food. 


[GROWTH CURVE FOR RATS ON CELLULOSE GLYCOLATE DIETS 
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Fig. 3. 


Gross pathological studies were made on all animals at autopsy. The 
gastrointestinal tract was carefully examined for any sign of irritation 
because of the poor pellet formation observed during the course of the 
experiment, but none was found. The intestinal contents were very bulky 
in all cases, there being a considerable quantity of the test material present. 
The intestinal contents of animals on Diet V were of normal consistency, 
whiie those on Diet VI were somewhat fluid and those on Diet VII were 
definitely soft. 

TABLE 2 
Food Consumption 





Diet I 
obtained 








Containing 20% | Specific Average amount con- 
by weight | gravity | sumed per rat per day 











| 
Control | 100 


95 
7 


0.75 2i3 14.8 
Cellulose glycolic acid 0.86 | 13.2 15.4 
Sodium cellulose glycolate 0.51 10.8 21.3 
Aluminum cellulose glycolate | 0.86 | 13.0 15.1 


| gm, | €.€. | pet. 
| 
| 








Organ weights obtained at autopsy (Fig. 4) show that there was no 
significant deviation between any of the groups although a greater spread 
in spleen weights among the animals fed on Diet VII was noted. 

Histopathological studies were conducted on all nine of the surviving 
animals on Diet VII and five animals each on Diets I, V, and VI. The 
liver, kidney, spleen, adrenal, and pancreas were routinely examined. The 
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only sign of pathological change was a slight congestion observed in the 
spleens from some of the animals on Diet VII. 


ACUTE ORAL ADMINISTRATION 


Rats, guinea pigs, and rabbits withstood single oral doses of cellulose 
glycolic acid (five grams per kilogram), sodium cellulose glycolate (three 
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Fig. 4. 


grams per kilogram in three divided doses), and aluminum cellulose gly- 
colate (five grams per kilogram) without symptoms. These doses were the 
largest that could be fed by stomach tube because of the physical nature 
of the material. Gross and microscopic examination of tissues from the 
rats and guinea pigs taken at daily intervals after the forced feeding 
failed to reveal any pathological lesions except those which might be 
expected from the administration of large volumes of material. 
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SKIN IRRITATION 
Cellulose glycolic acid, sodium cellulose glycolate, and aluminum cellu- 
lose glycolate were not irritating to the skin of rabbits. 


SUMMARY 


Young rats were maintained for a period of eight months on diets 
containing five per cent by weight of cellulose glycolic acid, sodium cellu- 
lose glycolate, or aluminum eellulose glycolate without producing any dis- 
cernible ill effects as determined by growth curves, organ weights, gross 
observations, and histopathological examination. This is equivalent to the 
ingestion of two to three grams per kilogram of body weight per day over 
a period of eight months. 

Practically mature female rats were maintained for two months on 
diets containing 20 per cent by weight of the test materials. This is 
equivalent to feeding 11 to 13 grams per kilogram of body weight per 
rat per day over a period of two months. The following observations were 
made: 

(a) Cellulose glycolic acid produced no discernible ill effect as deter- 
mined by growth curves, organ weights, gross observations, and _histo- 
pathological examination. 

(b) Aluminum eellulose we produced a slight depressing effect 
upon the growth curve, a slight enlargement and congestion of the spleen, 
and a softening of the feces manifest by poor pellet formation. The gen- 
eral appearance of the rats was entirely normal. 

(ec) Sodium cellulose glycolate produced no effect upon organ weights 
nor any histopathological changes. A very slight growth-curve depression 
of questionable significance can well be explained by the decrease in nutri- 
ent food intake owing to the bulkiness of Diet VI. The general appearance 
of the animals was normal except that their feces were somewhat soft 
throughout the experimental period. 

The acute oral toxicities of cellulose glycolic acid and its sodium and 
aluminum salts are low for rats, guinea pigs, and rabbits. Amounts as 
large as can be fed cause no ill effects. 

Cellulose glycolic acid and its sodium and aluminum salts are not 
irritating to the skin of rabbits. 


CONCLUSION 
The results of animal-feeding experiments on cellulose glycolic acid, 
sodium cellulose glycolate, and aluminum cellulose glycolate show no 
evidence why these materials should not be incorporated into the food or 
pharmaceutical preparations designed for human consumption. 


REFERENCES 


Brown, C. J., AND Hoveuton, A. A., 1941. The chemical and physical properties of 
carboxymethyl cellulose and its salts. J. Soc. Chem. Ind. 60, 254T-258T. 

Hawk, P. B., AND Bercer, O., 1931. Practical Physiological Chemistry. Tenth ed., 
692. P. Blakiston’s Son and Co., Inc., Philadelphia, Pa. 

WERLE, E., 1941. Uther die Unschidlichkeit des als Quellmittel bekannten cellulose- 

glykolsauren Natriums bei der Verfiitterung an Ratten und Hunde. Chem.- 

Ztg. 65, 320-321. C. A. 37, 2807° (1943). 











be 
Wi 
Vi 
pa 
pr 
th 


co 


an 
ley 
Dy 
Wi 
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A satisfactory test for the detection of spoilage in fish must meet certain 
definite requirements. It should provide an accurate measure of the degree 
of spoilage and should be based on the most characteristic change occurring 
in the product as spoilage progresses. It should permit a prediction of the 
keeping time if the test indicates that the fish is in the incipient stage of 
spoilage. Finally, the test should be rapid and simple to perform. From 
the practical standpoint the latter requirement probably takes on as great 
significance as any other because the great variation in quality of any 
given lot of fish or fillets necessitates the testing of large numbers of 
samples if a truly representative analysis is to be obtained. 

The trimethylamine value of Beatty and Gibbons (1937) and a tyrosine 
value modified from Bradley and Bailey (1940) have both yielded useful 
results in this laboratory. Recently Wood, Sigurdsson, and Dyer (1942) 
have shown that these values can be made more satisfactory through the 
use of a surface sampling procedure. Such a method of sampling permitted 
the detection of spoilage earlier than when composite samples were used. 
This was shown to be due to the fact that the bacteria responsible for the 
spoilage changes are normally present and most active on the surface of 
the fish. The more rapid appearance and accumulation of trimethylamine 
and tyrosine at the surface are manifestations of this higher bacterial pop- 
ulation in the narrow surface zone. 

It has been found that the above tests are too time consuming for 
routine use with large numbers of samples. The increase in trimethyl- 
amine at the surface is reflected in a definite rise in pH as spoilage pro- 
gresses. On several occasions the pH of fish muscle has been proposed as 
an index of spoilage—Van Deurs and Hoff-Jorgensen (1936), Charnley 
and Goard (1942)—although in most eases such tests have been found to 
be of doubtful value—Tarr and Sunderland (1941). In so far as the 
writers are aware composite sampling methods have been used in the pre- 
vious work on pH as a measure of spoilage. It is the purpose of the present 
paper to show that the pH of fish muscle is a reliable index of quality 
providing that the surface hydrogen-ion concentration is considered and 
the test is applied to marine fish in which trimethylamine oxide is a muscle 
constituent. 

EXPERIMENTAL PROCEDURE 

The trimethylamine determinations were made by the method of Beatt) 
and Gibbons (1937). For the tyrosine values a modification of the Brad- 
ley and Bailey (1940) procedure, as described by Wood, Sigurdsson, and 
Dyer (1942), was followed. The Beckman pH meter (laboratory model) 
with glass electrode was used for the pH measurement. The surface sam- 
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ples for trimethylamine and tyrosine determinations were obtained by 
cutting off the surface layer of tissue to a depth of three millimeters. 
At the outset the pH values were obtained on samples diluted with an 
equivalent weight of water. Subsequent studies demonstrated that the pH 
values could be obtained with equal accuracy by touching the electrodes 
directly to the surface of the fish or fillet. Results obtained by both meth- 
ods of pH determination on a cod fillet stored at 10°C.(50°F.) are given 
(Table 1). 
TABLE 1 

Method of pH Determination 


Surface sample 





Time of Direct surface removed and 
storage | value dispersed in 
| water 
hr. 
0 6.50 6.50 
24 6.60 | 6.55 
48 6.70 6.70 
72 7.30 7.30 
96 7.70 7.70 
120 | 7.90 8.00 
144 | 7.95 8.00 


The surface pH obtained by direct electrode contact is the same, 
within experimental error, as that of the three-mm. surface sample dis- 
persed in an equivalent weight of water. 


SURFACE PH CHANGE IN STORED COD FILLETS 
A cod fish was brought alive to the laboratory, killed, and immediately 
filleted. The change in hydrogen-ion concentration was followed on stor- 
age at room temperature of 20°C.(68°F.) until the fillet had become 
spoiled; the values obtained are given (Table 2). 
The initial increase in hydrogen-ion concentration has been noted in 
the case of all strictly fresh fish examined. This result is in agreement 


TABLE 2 
. Change in pH of Spoiling Cod Muscle 

Time | Surface pH ——— 
hr. 

0 6.50 Fresh 

2 6.45 Fresh 

4 6.45 Fresh 

6 6.45 Fresh 

8 6.40 Fresh 
10 6.35 Fresh 
20 6.55 Fresh 
22 6.70 Fresh 
24 6.90 Spoiling 
26 7.10 Spoiling 
28 7.35 Spoiled 
36 7.60 Spoiled 


Badly spoiled 
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with the findings of Benson (1928). In commercial fish or fillets this 
initial fall in the surface pH may not be noted if the muscle has passed 
through this primary change prior to examination. The reasons for this 
pH change are not entirely clear but may probably be attributed to auto- 
lytic changes occurring in the development of rigor, according to Ritchie 
(1925). 

The relation of the surface pH to the pH of a composite sample of the 
same fish or fillet was next considered. Values obtained from commercial 
haddock fillets stored at 5°C.(41°F.) for various times are presented 
(Table 3); the pH of the interior of the fillets, obtained by direct contact 
of the electrodes with the eut flesh, is also given. 


TABLE 3 


Relation of Surface to Interior and Composite pH Values 





Storage 


time Surface Interior Composite 


days 
6.40 6.25 6.35 
6.60 6.35 6.55 
7.00 6.35 6.60 
7.20 6.40 6.65 
7.50 6.50 7.00 
8.00 6.90 7.40 


These results demonstrate quite forcibly the much earlier rise of pH 
in the surface layer as compared with the interior or composite samples. 
The interior, at the beginning of the experiment, had a pH of 6.25 as 
compared with a surface pH of 6.4. After five days of storage the surface 
had reached pH 7.5 while the interior had reached pH 6.5. In the same 
period the pH of the composite sample increased from 6.35 to 7.0. This 
change in pH of the composite sample is of sufficient magnitude to indi- 
cate spoilage but the change is not as great nor does it oceur as rapidly as 
on the surface. For instance, the surface had reached pH 7.0 after three 
days while the composite sample required five days to reach this level. 
This general relationship has been found to hold in all cases examined. 

From the point of view of a commercial test, the surface sampling 
procedure is much more satisfactory since the samples are not destroyed ; 
the reading is taken almost instantaneously, so that spoiled or nearly 
spoiled samples may be rejected or rerouted for immediate consumption ; 
and an indication is given of incipient spoilage. 

In this case (Table 3) the surface pH does not show the initial fall 
shown in the data in Table 2. This was expected since the fillets used 
for the experiment had been stored commercially for five days at 0°C. 
(32°F.) before being brought to the laboratory, with the result that the 
surface pH had dropped to its lowest value and then was beginning to 
inerease. Such a condition ean, in general, be detected through a parallel 
determination of the surface and interior pH. If both the surface and 
interior values show pH levels of 6.5 to 6.8, the fish is probably quite 
fresh. Later both values decrease together to about the range 6.25 to 6.4, 
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three to five days at 0°C.(32°F.). Longer storage or incipient spoilage 
is shown by an increase in the surface value to 6.9 or 7.5 with a very 
slight rise in the interior. Later, in spoiled fish the surface may reach 
pH 8 or higher, and the interior rapidly approaches this level. 


RELATIONSHIP OF PH TO TRIMETHYLAMINE AND TYROSINE VALUES 


A comparison of the surface trimethylamine, the surface tyrosine, 
and the surface pH values with composite values on the same cod fillets 
(Table 4) demonstrates that there is satisfactory agreement among all 


TABLE 4 


Surface and Composite pH, Trimethylamine, and Tyrosine Values of 
Cod Fillets Stored at 5°C.(41°F.) 








Storage | pH value Trimethylamine value’ Tyrosine value | Organoleptic 
time ieee pF ae examination 





Surface Composite | Surface | Composite Surface | Composite 





Bette | 
| 
| | 


= 
| 
| 
| 6.50 5.5 | 160 | 10.6  |Fresh 





| 
6.90 46.0 | 18.0 18.5 11.4 | Spoiling 
7.30 66.0 | 40.0 28.0 16.0 | Spoiled 

7.90 7.40 78.0 | 47.5 30.0 24.6 | Badly spoiled 


1Expressed in milligrams per 100 grams of muscle tissue. 





three tests. It is equally apparent that the surface sampling greatly 
accentuates the changes under examination with all three indices. The 
progressive rapid increase of the relatively strong base, trimethylamine 
(pK), = 4.13), provides an explanation for the corresponding pH changes. 
It has been shown by Wood, Sigurdsson, and Dyer (1942) that the interior 
pH rises through diffusion of the trimethylamine from the surface. 


DISCUSSION 


The above data show conclusively that in a perishable food product, 
such as fish or fish fillets, where spoilage occurs almost entirely through 
bacterial action at the surface, the measurement of the end products of 
such bacterial action in the surface layer of the tissue provides the most 
satisfactory index of spoilage. In sea fish, where the strong base trimethy]- 
amine is almost invariably produced by the heterogeneous flora present 
on the surface, the simple measurement of surface pH by direct contact 
affords an extremely rapid and convenient method for the routine or 
laboratory determination of the spoilage index. The surface method may 
also have application to other food products where oxidative or other 
changes producing measurable products constitute in part at least the 
spoilage mechanism. 

The pH test has been applied over a period of two years on cod, had- 
dock, and flounder with satisfactory results. It can be used with equal 
ease on round fish or fillets. The versatility of the direct reading pH 
meter with glass electrode permits of simple and easy operation. For 
commercial use, the conventional scale of the galvanometer or pH eali- 
brated potentiometer could be replaced with one indicating directly the 
state of freshness of the fish as shown in the diagrammatic sketch (Fig. 1). 





A RAPID TEST FOR DETECTION OF SPOILAGE IN SEA FISH 187 


The exact pH level at which a fish may be considered as spoiled will 
depend to a considerable extent upon the taste of the consumer, there 
being a considerable range in different parts of the country in this re- 
spect. Whether a fish or fillet with a surface pH of 6.8, 6.9, or 7.0 will be 
considered spoiled can thus only be determined by commercial practice. 
Over a period of time the results obtained under practical conditions will 
point the way to the level that may be assigned to fish in various stages 
of spoilage. 


Fig. 1. Seale of freshness. 


SUMMARY 
A satisfactory routine practical method for the determination of the 
index of spoilage for several sea fish has been developed. The pH at the 
surface of the fillet or fish is measured by placing a glass electrode of a 


Beckman pH meter in contact with the moist surface of the tissue. It has 
been found that fresh fish have a pH range of 6.2 to 6.8; pH levels above 
6.8 are indicative of spoilage; and the higher the pH above 6.8 the more 
extensive have been the spoilage changes. 

This method is simple, rapid, and adapted for use as a commercial test. 
Correlation with other spoilage tests is satisfactory. A much better indi- 
cation of conditions of incipient spoilage is afforded than that obtained 
by currently used methods. The standard scale of the direct reading pH 
meter may be replaced by one showing the degree of freshness of the 
fisheries product. 
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The purpose of this investigation was to study the properties and 
reactions of d-iso ascorbic acid and its sodium salt in order to evaluate 
them as antioxidants. 

L-ascorbie acid has been suggested and used in preserved foods to 
prevent or retard oxidation with its resultant discoloration and off-flavor 
effects. From the economic standpoint it would be preferable to employ 
d-iso ascorbic acid for this purpose if it were equally effective. The close 
relationship of these two compounds is shown by the fact that the dye- 
titration method of determining l-ascorbic acid, based on the oxidation 
of the acid by the dye sodium 2,6-dichlorobenzenoneindophenol, cannot 
differentiate between the two acids. 

The sodium salt of d-iso ascorbic acid is an intermediate product in 
the manufacture of d-iso ascorbic acid. From its chemical structure it 
would appear to be a practical antioxidant, although it would be con- 
siderably less effective than d-iso ascorbic acid on a molal basis. 


REVIEW OF LITERATURE 


Ascorbic Acids as Antioxidants: Gray and Stone (1939a) used 
l-ascorbic and d-gluco aseorbie acids as a means of preventing darkening 
and flavor changes in beer. Reductone and dihydroxy maleic acids were 
also used by Gray and Stone (1939b) in addition to the above ascorbic acids 
to control rancidity in oil emulsions, such as mayonnaise and salad dress- 
ings. Reductone and dihydroxy acid both contain the dienol group which 
gives the ascorbic acids their reducing properties. 


Fellers, Esselen, Fitzpatrick, Moore, and Powers (1942) made use of 
l-ascorbie, d-iso ascorbic, and d-gluco ascorbie acids as antioxidants in a 
variety of glass- and tin-packed foods naturally low in vitamin C. They 
found that the addition of small amounts of ascorbic acid was effective 
in controlling discoloration and undesirable flavor changes. 

Moore (1942) added l-ascorbie, d-iso ascorbic, and d-gluco ascorbic 
acids to bottled orange juice to see if they would have any effect upon 
the quality of the juice after storage. He found that the development of 
off-flavors was delayed by the addition of any one of the ascorbic acids 
mentioned but that darkening of the juice was not prevented. Moore, 
Esselen, and Fellers (1942) concluded that oxygen and ascorbic acid are 
the principal factors involved in the darkening of packaged orange juice. 


Contribution No. 486, Massachusetts Agricultural Experiment Station, Amherst, 
Massachusetts. 
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Greenbank (1940) reported that oxidized flavor develops in milk when 
its oxidation-reduction potential rises. The addition of l-ascorbie acid to 
milk prevented the development of oxidized flavor. 

Properties and Reactions of D-iso Ascorbic Acid: D-iso ascorbie acid 
differs from l-ascorbie acid only in the relative position of the hydrogen 
and hydroxyl! groups in the fifth carbon atom of the molecule. The struc- 
tural formulae of these two ascorbic acids are presented below. 


co co 


l l 
HO-C HO-C 
i So 


4 
wnt § sat 
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HO-C-H H-C-OH 


CH.0H CH.OH 
l-aseorbie acid d-iso ascorbic acid 


Bachstez and Cavallini (1934) described a qualitative test for d-iso 
ascorbic acid based on a color reaction between the acid and uranyl acetate 
in a faintly alkaline solution. A light brown color develops in the solution, 
and the subsequent addition of more alkali intensifies the color. L-ascorbie 
acid also gives the brown color reaction but the addition of alkali dis- 
charges the color and brings down an amorphous precipitate of sodium 
diuranate. 

Ohle, Erlbach, and Carls (1934) found the antiscorbutie activity of 
d-iso ascorbic acid to be one-fortieth that of l-ascorbie acid. Zilva (1935) 
studied the antiscorbutie activity and body retention of a number of 
ascorbie acids in guinea pigs. He reported the activity of d-iso ascorbic 
acid to be one-twentieth that of l-ascorbie acid. 

Maurer and Scheidt (1934) studied the behavior of d-iso ascorbie and 
l-ascorbie acids towards ferrous salts. In the presence of oxygen and on 
the addition of ferrous salts the ascorbic acids developed a deep violet 
color. The color was considered to be due to the formation of a complex 
at the dienol group. When oxygen was excluded from the reaction the 
color did not develop. : 

D-iso ascorbic acid ean be used as a developing agent in photographic 
work beeause of its reducing ability. Pavolini (1935) found it to be an 
excellent developer for overexposed films because it acted more slowly than 
the developers in common use. It gave a fine grain to the finished prints 
and prevented their fogging. 

According to Bachstez and Cavallini (1937) the dissociation constants 
of d-iso aseorbie acid and l-aseorbie acid were 4.18 and 4.26, respectively, 
as determined by the method of conductivity in aqueous solutions. The 
acidity of the ascorbic acids was not due to a carboxyl group as might be 
assumed. Methylation studies on d-iso ascorbic acid by Hawkins, Hirst, 
and Jones (1939) indicated that the acidity of the molecule was due to 
the hydroxyl group on the third carbon atom of the molecule. The lactone 
ring present forms a carboxyl group when the oxidation of the acid pro- 
ceeds rapidly, but it does not break down by treatment with strong alkali 
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alone. This feature of the ascorbic acids is unique because lactone rings 
are usually very unstable to alkalis. This stability was attributed by Hirst 
(1939) to the protective action of the ionizable enolic groups present in 
the molecule. 

Johnson and Zilva (1937) studied the rate of enzymic oxidation of 
the ascorbic acids, including d-iso ascorbic acid, in relation to their stereo- 
chemical structure. The ascorbic acids having their lactone ring to the 
right were found to oxidize at a faster rate than their antiomorphs. 

Bamdas, Lavrov, Rodinov, and Yarusova (1938) reported that so- 
dium d-iso ascorbate had one five-hundredth the antiscorbutie activity 
of l-aseorbic acid. 

EXPERIMENTAL PROCEDURE 

Antiscorbutic Activity of D-iso Ascorbic Acid: In the literature it has 
been reported that d-iso ascorbic acid exhibits but little antiscorbutic 
activity ; however, the data as reported are not in agreement. 

As a preliminary step in this investigation the antiscorbutie activity 
of d-iso ascorbic acid was determined by the 25-day weight-response, bio- 
assay method as described by Dunker, Fellers, and Esselen (1942). It 
was found that 10 mg. of d-iso ascorbic acid were approximately equi- 
valent to 0.5 mg. of l-ascorbie acid (vitamin C) in antiscorbutie activity. 
On this basis d-iso ascorbic acid is apparently one-twentieth as active as 
l-ascorbie acid. These results are in agreement with those reported by 
Zilva (1935). 

Relative Rates of Oxidation of L-ascorbic Acid, D-iso Ascorbic Acid, 
and Sodium D-iso Ascorbate: Solutions of l-ascorbie acid, d-iso ascorbic 
acid, and sodium d-iso ascorbate were made up to a concentration of 0.4 
mg. per ml. in distilled water and were buffered to a pH value of 4 with 
secondary phosphate and citric acid. The solutions were put up in pint 
bottles at room temperature with head spaces of 15, 25, and 50 e.c., re- 
spectively, and sealed with crown caps having glazed paper ‘‘spots’’ over 
the cork gaskets. The bottles were then pasteurized at 75°C.(167°F.) for 
30 minutes. The bottles were evenly divided into two groups, one group 
being stored in the dark at 60°C.(140°F.) and the other in the dark at 
26°C. (78.8°F.). 

At regular intervals samples of each of the ascorbie acid solutions 
were titrated with sodium 2,6-dichlorobenzenoneindophenol dye. The dye 
was standardized with pure |-aseorbie acid each day it was used. By this 
means the course of the oxidation in the bottled solutions could be followed. 
(Table 1). 

When stored at 26°C. the differences in the rates of oxidation of 1-ascor- 
bie acid, d-iso ascorbie acid, and sodium d-iso ascorbate were small but, 
nevertheless, discernible. D-iso ascorbic acid oxidized more rapidly and 
sodium d-iso ascorbate more slowly than l-ascorbie acid as indicated by the 
changes in dye value. 

At 60°C. there was a marked difference in the rates of oxidation of 
l-aseorbie acid and d-iso ascorbie acid. D-iso ascorbic acid was oxidized 
considerably faster than l-ascorbie acid. Sodium d-iso ascorbate oxidized 
at about the same rate as the ]-aseorbie acid. 
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The rate of oxidation of each ascorbic acid increased markedly with 
the volume of the head space in the bottles. This illustrates the importance 
of a small head space in preventing or retarding oxidation. 

Color Development by Solutions of L-ascorbic Acid, D-iso Ascorbic 
Acid, and Sodium D-iso Ascorbate During Storage: During some pre- 
liminary studies solutions of l-ascorbic and d-iso ascorbie acid developed 
a light yellow-brown color on standing for a long period of time. If 
ascorbic acids are used as antioxidants it is important to know just how 
much color is developed and what factors favor its development. 


TABLE 1 


Rate of Oxidation of Bottled Ascorbic Acid Solutions During Storage as Indicated 
by 2,6-dichlorobenzenoneindophenol Dye Titration 









































L-ascorbic acid | D-iso ascorbic acid Sodium d-iso ascorbate 
Storage Head space volume 
time 
l5e.c. 25¢.c. 50cc. | Sec. 25e.c. 50cc. | 15ec. 25e.c. 50c.c. 
STORED AT 26°C. 
days mg. per ml. mg. per ml. mg. per ml, 
0 40 40 40 .40 40 40 .40 .40 .40 
3 | .30 25 19 .30 .28 19 .33 .28 22 
6 .28 .24 19 .28 29 13 33 .28 21 
15 .28 .23 12 .28 .24 11 32 .28 21 
29 .28 -23 an 27 22 10 32 .26 16 
43 -28 .23 10 27 22 086 32 2 15 
64 -27 22 -094 25 22 .086 31 .26 15 
85 .26 21 .092 .24 .20 080 .30 24 12 
235 .23 19 -080 .20 16 .057 .28 23 11 
STORED AT 60°C. 
0 40 .40 40 40 40 40 40 40 40 
3 .29 .24 14 28 -26 .14 31 .26 18 
6 .26 21 ll .24 21 .094 31 .25 16 
15 .26 19 .09 20 18 .052 -28 22 10 
29 .23 one .076 16 15 .049 22 18 .073 
43 | 21 16 .065 ol 11 .026 21 14 .057 
64 me 13 .057 062 .05 .017 okt 12 .049 
85 14 13 043 | .045 .04 -010 18 .076 .040 
235 .07 .063 027 | .040 .03 .006 .078 .039 .018 





To determine the amount of color developed, quantitatively, the color 
in the bottled solutions of ascorbic acids being tested for relative rates of 


oxidation was determined by the use of an Evelyn photoelectric color- 


imeter. For this determination filter No. 400 was used. 
The amount of color formed by the decomposition of the ascorbic acids 
was proportional to the amount of oxygen available in the head space and 


to the temperature at which the bottled solutions were stored (Table 2). 
L-aseorbie acid developed a more intense color than did d-iso ascorbie acid 
or its sodium salt. From the standpoint of discoloration it would appear 
that d-iso ascorbic is preferable to l-ascorbie acid as an antioxidant. 


D-iso Ascorbic Acid and Its Sodium Salt as Antioxidants for L-ascorbic 


Acid: On the basis of the above experiments it was apparent that d-iso 
aseorbie acid oxidizes more rapidly than does l-ascorbie acid. With this 
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in mind, experiments were set up to determine whether or not d-iso ascor- 
bic acid and its sodium salt would function as antioxidants for 1l-ascorbic 
acid in bottled solutions. 

A solution of l-ascorbie acid, one milligram per milliliter in concentra- 
tion, was made up and buffered to a pH value of 4. A similar solution 
was made up to which was added, in addition to the l-ascorbie acid, an 
equal amount of d-iso ascorbic acid. These solutions were put into pint 


TABLE 2 


Rate of Darkening of Bottled Ascorbic Acid Solutions 
During Storage 





L-ascorbic acid | D-iso ascorbic acid Sodium d-iso ascorbate 





Storage Head space volume 
time olicelaiaagiilta 


25e.c. 50c.c. | 15c.c, 25c.c. 50c.c. | 





SToRED AT 26°C. 


100.0 100.0 100.0 100.0 100.0 

98.0 95.0 94.0 97.0 99.0 99.0 | 

97.6 95.0 93.0 97.0 96.0 93.0 | 100.0 
94.0 93.5 88.0 97.0 96.0 91.0 | 98.0 
94.0 93.0 83.0 97.0 95.5 89.0 97.0 
94.0 93.0 80.0 96.0 93.5 89.0 96.5 
93.0 81.0 77.0 | 93.0 92.0 86.0 96.5 
91.5 88.5 75.5 | 93.0 91.5 86.0 | 96.5 
86.0 82.0 65.0 93.0 89.0 82.0 93.0 


STORED AT 60°C. 


100.0 100.0 100.0 100.0 100.0 | 100.0 

96.0 93.0 . 95.5 96.0 96.0 99.0 98.0 

94.5 91.5 , 95.0 95.0 90.0 98.0 98.0 96.5 

92.0 88.0 q 94.5 93.5 88.0 95.5 94.5 90.5 

88.0 85.0 r 93.0 92.0 85.0 95.0 94.5 88.0 

86.0 81.5 i 92.0 84.0 94.5 93.0 87.0 

81.5 77.0 k 86.5 . 79.0 | 94.0 90.0 86.0 

78.0 72.5 ; 86.0 i 77.0 94.0 90.0 86.0 
235 | 63.0 63.0 80.0 ! 69.0 | 88.0 83.0 79.0 




















1 Given in percentage of light transmission or light at 4,000 A wave length. A high light trans- 
mission indicates a light-colored or clear solution; a low light transmission, a darkened or browned 
solution. 


bottles and a head space of 25 ¢.c. was left at the top of each bottle. After 
being pasteurized for 30 minutes at 75°C., 30 bottles of each solution were 
stored at a temperature of 60°C. for 25 days. They were then removed 
from the incubator at 60°C. and put into a refrigerator at 5°C. where 
they were held until used. Previous experiments had shown that oxida- 
tion was rapid for the first 21 days and then slowed down as the amount 
of oxygen present decreased. This indicated that a 25-day oxidation 
period was sufficient to demonstrate whether or not d-iso ascorbic acid 
would be oxidized in preference to l-ascorbie acid in a mixture of the two. 

A guinea-pig bioassay was used to determine the amount of biologi- 
eally active ]-ascorbie acid present in the mixtures. The assays were made 
according to the 25-day, weight-response method described by Dunker, 
Fellers, and Esselen (1942). The control animals were fed at levels of 
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0.2, 0.4, 0.6, and 0.8 mg. of l-aseorbie acid daily from the l-ascorbie solution 
as determined by titration with the dye sodium 2,6-dichlorobenzenoneindo- 
phenol. The test animals were fed at levels of 0.4, 0.6, and 0.8 mg. of mixed 
ascorbie acids from the mixed solution as determined by the dye titration. 
The supplements were fed with a one-ml. pipette graduated in hundredths 
of a milliliter. A fresh bottle of each solution was used each day in feeding 
the animals. Five guinea pigs were used to each level and each pig was 
kept in a separate cage; the weight responses of the animals to each level 
are shown (Table 3). 


TABLE 3 


Weight Responses of Guinea Pigs to Various Levels of Oxidized Mixtures of 
L-ascorbie and D-iso Ascorbic Acids 





Dye value! Level fed daily 


} 
R | Original | after stor- Average 
Solution | value age (at Sena weight 
| dye time of | volume | **Or?"’| = gain 
feeding) acid * 





| mg./ml. mg./ml. mil, mg. gm. 
. L-aseorbie acid, 1.0 mg j 0.32 2 —27.0 
. L-aseorbie acid, 1.0 mg. . J | 0.64 4 
. L-aseorbie acid, 1.0 mg. : J | 0.97 
. L-aseorbie acid, 1.0 mg. Oo | 062 | 1.29 8 
. Mixture of 1.0 ms. l-ascorbie acid plus 
1.0 mg. d-iso ascorbic acid per ml A : 0.37 
2. Mixture of 1.0 mg. l-ascorbie acid plus 
1.0 mg. d-iso aseorbie acid per ml . 0.56 
2. Mixture of 1.0 mg. l-ascorbie acid plus 
1.0 mg. d-iso aseorbie acid per ml 








1 Based on dye value of ascorbic acid solution. 


The animals on the 0.6- and 0.8-mg. levels of l-ascorbie acid gained 
almost exactly the same weight as those on similar levels of the mixture 
of l-aseorbie and d-iso ascorbic acids in the 25 days of the assay. This 
indicated that the antiscorbutic power of the two solutions was the same. 
The dye-titration value for the mixture would then be almost an exact 
index of the l-aseorbiec acid present in the mixture. It may be assumed 
that the d-iso ascorbie acid present in the solution has been preferentially 
oxidized leaving the l-ascorbie acid untouched. 

A second experiment was run to check the results obtained. In addi- 
tion to the mixture of the two acids in equal concentration, a second 
mixture was made up containing one mg. l-ascorbie acid and 0.2 mg. d-iso 
ascorbie acid per milliliter. A third mixture was made up containing one 
mg. per ml. each of l-ascorbie acid and sodium d-iso ascorbate. 

As in the first experiment the solutions were allowed to oxidize three 
weeks. The dye values were the measure of how much of each mixture 
should be fed the guinea pigs. The 0.2-mg. level was omitted because the 
weight response on this level did not give any significant data. The results 
of this second experiment are given (Table 4). 

The weight responses of the guinea pigs fed Solution 2 were slightly 
less than those on the l-aseorbie control. In view of the fact that the 
mixture still had a dye value of 1.2 mg. per ml. when the oxidation was 
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stopped by refrigeration, this lower weight response was to be expected. 
There was only one mg. per ml. of l-ascorbie acid in the mixture and con- 
sequently the oxidized mixture with a dye value of 1.2 mg. per ml. could 
not protect as well as pure l-ascorbie acid when fed in equivalent amounts 
based on dye value. 

The guinea pigs fed Solution 3 had weight responses almost the same 
as those on l-ascorbie acid. It is concluded, therefore, that the d-iso 
ascorbic acid present was completely oxidized leaving only l-ascorbie acid. 


TABLE 4 


Weight Responses of Guinea Pigs to Various Levels of Oxidized Mixtures 
of Ascorbic Acids 








Ls Dye value | Level fed daily 
a | Original | after stor- |__ at __| Average 
Solution | dye age (at ‘ weight 
| value time of | Volume —, gain 
feeding) oe 


ong. jeal. mo. /ml. 4 ‘. | mg. gm. 
. L-asecorbie acid, 1.0 mg. per ml 1.0 0.58 69 | .4 





. L-aseorbie acid, 1.0 mg. per ml 1.0 





1. L-aseorbie acid, 1.0 mg. per ml 
. Mixture of 1.0 mg. ]-asecorbie acid plus 
1.0 mg. d-iso ascorbic acid per ml 
. Mixture of 1.0 mg. l-ascorbie acid plus 
1.0 mg. d-iso aseorbie acid per ml 
2. Mixture of 1.0 mg. l-ascorbiec acid plus 
1.0 mg. d-iso ascorbie acid per ml 
. Mixture of 1.0 mg. l-ascorbie acid plus 
0.2 mg. d-iso ascorbie acid per ml 
. Mixture of 1.0 mg. l-ascorbie acid plus 
0.2 mg. d-iso ascorbic acid per ml 
3. Mixture of 1.0 mg. l-ascorbic acid plus 
0.2 mg. d-iso ascorbic acid per ml 
. Mixture of 1.0 mg. l-ascorbie acid plus 
1.0 mg. sodium d-iso ascorbate per ml ‘ J 0.37 | 
. Mixture of 1.0 mg. l-ascorbie acid plus | 
1.0 mg. sodium d-iso ascorbate per ml . 1.08 0.56 6 } 
. Mixture of 1.0 mg. l-aseorbie acid plus 
1.0 mg. sodium d-iso ascorbate per ml 1.08 0.74 8 














1 Based on dye value of ascorbic acid solution. ?All animals died of scurvy before test period 
was concluded. 


Solution 4 containing l-asecorbie acid and sodium d-iso ascorbate in 
equal concentration did not give good weight responses. The guinea pigs 
on the 0.4-mg. level died of scurvy before the assay was completed. The 
animals on 0.6 and 0.8 mg. daily had poor weight responses indicating 
that sodium d-iso ascorbate did not protect the l-aseorbie acid in the 
mixture. 

It is recognized that in the above bioassays any d-iso aseorbie acid 
present would contribute in a small way to the response of the animals. 
However, at the levels fed any such antiscorbutie effect would be insig- 
nificant and well within the experimental error. 





SOME ANTIOXIDANT PROPERTIES OF D-ISO ASCORBIC ACID 


SUMMARY 


A study was made of the properties and reactions of d-iso ascorbie acid 
and its sodium salt, sodium d-iso ascorbate, that would affect their use 
as antioxidants. 

The antiscorbutie activity of d-iso ascorbic acid was found to be one- 
twentieth that of l-ascorbie acid, vitamin C. 

D-iso ascorbic acid oxidized more rapidly than l-ascorbie acid or 
sodium d-iso ascorbate during storage in a buffered aqueous solution. 

Solutions of d-iso ascorbie acid, l-ascorbie acid, and sodium d-iso 
ascorbate developed an increasingly darker yellow-brown color as their 
oxidation progressed. The color developed to a lesser extent with d-iso 
ascorbie acid than with 1l-asecorbie acid and least with sodium d-iso 
ascorbate. 

The factors influencing the development of color in the ascorbic acid 
solutions were found to be the amount of oxygen present, the temperature 
of storage, and the storage time. 

D-iso ascorbie acid was found to protect the l-ascorbie acid from oxi- 
dation while the sodium d-iso ascorbate did not. The d-iso ascorbie acid 
was preferentially oxidized, in bottled aqueous solution, leaving the 
l-aseorbie acid unoxidized. It would therefore appear that d-iso ascorbic 
acid is an excellent antioxidant for l-ascorbie acid, vitamin C. 
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Recent developments in the field of B-complex vitamin research have 
shown the value of certain bacteria as assay organisms. Several lactic 
acid types have been found to require one or more of the B vitamins to 
produce normal growth, the amount of acid produced in the presence of 
a certain number of the B complex being, within certain limits, in pro- 
portion to the quantity of the limiting vitamin present. 

Orla-Jensen, Otte, and Snog-Kjaer (1936) stated that riboflavin is 
necessary for the normal development of certain lactic acid bacteria, such 
as Thermobacterium lactis, Thermobacterium bulgaricum, Thermobacterium 
helveticum, Streptobacterium casei, and Streptococcus lactis. This work 
was confirmed by Wood, Anderson, and Werkman (1937) in their study 
of the growth factors for the propionic as well as the lactic acid group. 
Snell and Strong (1939) found that Lactobacillus casei, strain No. 7469, 


requires riboflavin and that the amount of growth, as indicated by acid 
production, is proportional to the riboflavin present. Use was made of 
this fact in developing a method of assay for riboflavin in plant and animal 
tissue extracts. 


EXPERIMENTAL PROCEDURE 

The present work is a study of the riboflavin requirements of a large 
number of strains belonging to the genus Lactobacillus and a few strains 
belonging to the genera Leuconostoc and Streptococcus. For convenience 
and reference the original nomenclature, designating these cultures as 
received, was retained. The following cultures were studied: L-20, L-21, 
L-23, L-39, Seavano, and Wickerham labeled Lactobacillus acidophilus ; 
L-4 and L-28 labeled Bacterium brassicae fermentatae; 8001, B-12, 7994, 
7995, L-38, and L-32 labeled Lactobacillus bulgaricus; 7469, L-13, L-30, 
L-52, and L-37 labeled L. casei; L-3 and L-48 labeled L. delbruckii; 7999, 
L-32, L-43, L-80, and L-81 labeled L. helveticus; F-7-11, F-118-8, F-26 
labeled L. pentoaceticus, L-53, F-36-6, F-102, L-14, L-29, labeled L. plan- 
tarum; and F-17-5 (L. arabinosus), L-46 (L. beijerinckii), L-35 (Beta- 
bacterium breve), L-25 (Bacillus cucumeris fermentatae), L-16 (Lacto- 
bacillus fructovorans), F-20 (L. gayonii), 7993 (L. jugurt), 8000 (ZL. 
lactis), L-40 (Bacillus leichmanni), L-36 (Betabacterium longum), L-15 
(Lactobacillus lycopersici), L-17 (Bacterium mannitopoeum), F-19 (Lac- 
tobacillus mannitopoeus), L-54 (Betabacterium rudensis), F-11 (Betabac- 
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terium vermiforme, Lactobacillus sp.), F-23 (Lactobacillus sp.), 688 
(Leuconostoc dextranicum), 681 (L. mesenterioides), L-24 (Bacteriwm 
gracile), and one each of Group A (Streptococcus pyogenes), B (8S. 
mastitidis), C (‘‘Animal Pyogenes’’), E and G streptococci; and two of 
Group D (Streptococcus fecalis and S. zymogenes) streptococci. 

In general the assay method as described by Snell and Strong (1939) 
was used to study these organisms. All inoculations and ineubations were 
carried out in a darkened room. Standard series of the riboflavin medium 
were set up and inoculated with washed cells grown originally in a broth 
medium containing 100 micrograms of riboflavin per liter. The amount 
of growth in response to the various levels of riboflavin was determined 
by titration using two drops of one per cent brom thymol blue as 
indicator. 

Cultures were incubated at 37 or 30°C.(98.6 or 86°F.) dependent 
upon the optimum growth conditions of the various groups. Titrations 
of riboflavin series inoculated with strain No. 7469 (Lactobacillus casei) 
and No. 7993 were made after 72 hours of growth. 


DATA AND DISCUSSION 

Riboflavin in Metabolism of Certain Lactio Organisms: For conven- 
ience of discussion the strains of lactobacilli used may be roughly classed 
into several types, that is, the heat-tolerant milk types, the mouth and 
intestinal strains, the low-temperature milk types, the non-gas-producing 
plant type and the gas-producing plant type. 

Six of the 13 strains of the first type including strains received as 
Lactobacillus helveticus and L. bulgaricus were identical in that no acid 
was produced (Fig. 1), even upon the addition of riboflavin to the base 
medium used. However, the remaining seven strains of this group re- 
sponded to the presence of riboflavin. Cultures 7993 and L-38 (Bacillus 
bulgaricus) responded to riboflavin to a much greater degree than any of 
the other cultures, No. 7993 being especially outstanding in this respect. 

The six strains from the mouth and intestine all required riboflavin 
for growth but each responded somewhat differently to its addition in 
increasing amounts (Fig. 2). The Seavano and Wickerham strains of L. 
acidophilus both produced less than three ml. of acid as a maximum while 
the other four cultures produced from seven to 10 ml. of acid in the 
riboflavin medium. The curves of the four higher acid producers ascend 
steeply at first and then level off abruptly, indicating that from 0.05 to 
0.15 microgram of riboflavin per 10 ml. of medium was sufficient for 
maximum growth. 

The titration curves for the five Lactobacillus casei cultures studied 
all show a fairly high maximum acid production (Fig. 3). One of the 
strains, L-13 (Streptobacterium casei) of Orla-Jensen, required no addi- 
tion of riboflavin to the medium for maximum growth. 


Of a group of non-gas-producing lactobacilli, including cultures re- 
ceived as Lactobacillus leichmanni, L. beijerinckii, L. delbruckii, L. 
arabinosus, and others, some failed to grow without the addition of ribo- 
flavin (Fig. 4) and responded moderately or very well to its addition, 
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while other strains were not affected in their growth by the presence or 
absence of riboflavin. 

Cultures of Lactobacillus plantarum (Fig. 5) tested either grew well 
in the absence of riboflavin or failed to grow regardless of the amount 
added to the medium with the exception of Lactobacillus plantarum var. 
rudensis which, although unable to grow in the riboflavin-free basal me- 
dium, produced increasing amounts of acid with its addition. 

The titration curves of the gas-producing lactobacilli were generally 
high even in the absence of riboflavin or present only in concentrations 
less than 0.1 of a microgram per 10 ¢.c. Two strains, L-16 (Lactobacillus 
fructovorans) and L-24 (Leuconostoc sp.), however, did not grow at all 
in the medium even when increased amounts of riboflavin were added. 
The former is one of the most fastidious of the gas-producing types. Two 
other strains of Leuconostoc were stimulated by 0.05 to 0.10 microgram of 
riboflavin although both grew to some extent without riboflavin in the 
medium. 

The effect of riboflavin upon the growth of seven streptococci was 
found to be strain variable (Fig. 6). The strain of Streptococcus mastitidis 
was the only one found to grow completely independently of added ribo- 
flavin, although strains of the Group D streptococci (S. fecalis and S. 
zymogenes) produced only small amounts of acid in the riboflavin-free 
basal medium. The strains of the two human and animal pathogens failed 
to grow appreciably in the medium with riboflavin added. 

The Lactobacillus and Leuconostoc eultures could be separated as fol- 
lows: (1) organisms failing to grow in the basal medium both with and 
without riboflavin; (2) organisms failing to grow in the basal medium 
alone and growing only very slightly when riboflavin is added; (3) or- 
ganisms failing to grow in the basal medium but produeing moderate to 
large amounts of acid with the addition of riboflavin; and (4) organisms 
growing in the basal medium and showing no increase in acid production 
with the addition of riboflavin. The streptococci studied could be divided 
in a similar manner. The more fastidious organisms of both the Lacto- 
bacillus and Streptococcus genera were found to be those which require 
factors for growth other than were present in the riboflavin medium used 
here, while the organisms cultivated readily on laboratory media were 
those which required little or no riboflavin in the medium for maximum 
acid production. 

Six eultures considered to be strains of Lactobacillus casei and L. 
helveticus and to be very closely related, if not identical, were found to 
respond very differently to riboflavin. L-483 and L-31 (L. helveticus) were 
the only two which were alike in this respect, neither being able to grow 
in the medium even though riboflavin was added. The other four organ- 
isms at least must be considered as different strains, for their titration 
curves are very dissimilar. Thus it may be possible that the measure of 
the requirements of lactic acid bacteria, especially the lactobacilli, for 
riboflavin may subsequently serve as a character in the classification 
of these organisms. It would be indicated also that the conclusions of 
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Tittsler, Rocosa, and Whittier (1942) were substantiated in that Culture 
7469 should be considered as closely related to the L. casei type. 

New Organisms for Riboflavin Assay: Preliminary studies indicated 
that a satisfactory assay curve might be prepared with a Lactobacillus cul- 
ture No. 7993 using a considerably lower range of riboflavin concentrations. 
This is more clearly indicated when the response of Culture 7993 (Fig. 7) 
is compared with the standard curve for growth response to riboflavin by 
Culture 7469 (L. casei) (Fig. 3). 
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Fig. 7. Standard riboflavin titration curve for strain No. 7993 (Lactobacillus). 


To determine the magnitude of variation among the titration values 
of Culture 7993 at each level of riboflavin, 10 identical series of tubes 
were set up to contain 0 and 0.01 to 0.10 microgram levels of the vitamin. 
The per cent of maximum variation from the average of 10 titration values 
obtained at each level (Table 1) is seen to be generally higher at the lower 
levels than at the top of the curve. Although the titration values do not 
check each other exactly at the different levels the variations are generally 
no greater than those which occur between duplicate assay tubes inocu- 
lated with Culture 7469 (L. casei). 


Culture 7993 and also Culture 7469 (ZL. casei) were consistent upon 
repeated transfers through a stock culture medium prepared by adding 
100 micrograms of riboflavin to 500 ml. of double-strength, riboflavin-free 
basal medium and diluting to one liter with distilled water. 
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Comparative Studies When Culture 7469 (Lactobacillus casei) and 
Culture 7993 (Lactobacillus) Were Used as an Index in Riboflavin Assay: 
Riboflavin determinations were made on various fresh and dehydrated 
vegetable extracts to compare the accuracy of Culture 7993 (L. jugurt) 
with Culture 7469 (Z. casei) in actual assay procedures. The vegetable 
extracts were prepared by autoclaving the material in distilled water 
for 15 minutes at 15 pounds pressure. It was found that an extract of 
proper concentration for assay with Culture 7469 (ZL. casei) had to be 
diluted five times to be of proper concentration for Culture 7993. For a 
limited series of tests it is indicated that Culture 7993 may show some 
promise as a test assay organism in those cases in which only minute 
amounts of riboflavin are present. 


SUMMARY 

A study of the riboflavin requirements of a large number of lactic acid 
bacteria indicates a wide but definite response to the presence of riboflavin 
in the medium. The lactic organisms could be grouped as follows: (1) 
organisms failing to grow in the basal medium both with and without 
riboflavin; (2) organisms failing to grow in the basal medium alone and 
growing only very slightly when riboflavin is added; (3) organisms failing 
to grow in the basal medium but producing moderate to large amounts of 
acid with the addition of riboflavin; and (4) organisms growing in the 
basal medium and showing no increase in acid production with the addi- 
tion of riboflavin. 

One culture, No. 7993 (Lactobacillus), was found which responded to 
smaller amounts of riboflavin than No. 7469 (ZL. casei), the present assay 
organism. Comparative studies of the two organisms indicate that Culture 
7993 could be successfully used for assaying materials too low in riboflavin 
to be accurately assayed with Culture 7469 (ZL. casei), i.e., in the range 
of 0.01 to 0.10 microgram per five milliliters. 
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In Europe, especially in the mountain regions, sheep’s milk is exten- 
sively used in the human dietary, and large quantities are manufactured 
into cheese. In this country very little sheep’s milk is included in the 
human diet as such, but a significant amount of imported cheese made from 
sheep’s milk is eaten. Zorn, Richter, and Wiener (1938) estimated the 
annual world production of sheep’s milk for human consumption at 5,032 
million liters. According to Morrison (1936) normal sheep’s milk contains 
less water but more mineral matter and nearly twice as much protein and 
fat as cow’s milk. Consequently its nutritive value should be significantly 
higher than that of cow’s milk. However, relatively few studies have been 
made of the vitamin content of sheep’s milk and a survey of the literature 
did not reveal any data concerning its vitamin A content. Accordingly, 
this study was inaugurated to determine the vitamin A content of sheep’s 
colostrum and milk during early lactation. 


EXPERIMENTAL PROCEDURE 


Fifteen normal, well-developed animals were selected for this study 
from a well-bred flock of Hampshire ewes. During the summer and fall 
preceding the study they were maintained on an excellent pasture of 
lespedeza and native grasses. The ewes were housed about December 1, 
and for the next two months each received a daily ration of four pounds 
of soybean hay or soybean hay and whole soybeans. The day the lambs 
were born the ewes began to receive 1.5 pounds per head daily of a con- 
centrate mixture of two parts of corn, two of oats, two of wheat bran, 
and one of cottonseed meal. All the ewes were born in January, February, 
and March and the lambs were born during February and early March. 
Thus the ewes were two or three years old when the samples of colostrum 
and milk were taken for study. 

It was the first pregnancy for all the two-year-old ewes and for two 
of the three-year-old ewes, Nos. 46 and 982. Five of the three-year-old 
ewes, Nos. 8, 13, 28, 9, and 16, had produced one lamb at two years of age 
and No. 36 had two lambs when she was two years old. Detailed data 
concerning the ewes, their ages, number of lambs produced during the 
study, condition of the lambs at birth, and previous pregnancy, if any, 
are included (Table 1). 


* Contribution No. 495 from the Massachusetts Agricultural Experiment Station. 


206 





VITAMIN A CONTENT OF SHEEP’S COLOSTRUM AND MILK 207 


The first sample of colostrum was collected in each case as soon as 
possible after the lamb was born. Thereafter samples of colostrum were 
taken in the morning. It was difficult to anticipate when the flow of 
colostrum would cease for the different ewes. Hence, whenever possible, 
samples were taken daily for a week or 10 days and afterwards at irreg- 
ular intervals for varying periods after the lactation period was well 
established. 


TABLE 1 


Data Concerning Experimental Ewes 





Age Number Condition 
in 


1) at Previous pregnancy 
years lambs birth 


Normal None 
Normal None 
Normal None 
One normal 
One dead None 
One normal None 
One dead 
Both dead None 

Dead None 
Normal 1 lamb at 2 yrs. old 
Normal 1 lamb at 2 yrs. old 
Normal 1 lamb at 2 yrs. old 
One normal 
One dead 1 lamb at 2 yrs. old 
Both dead 1 lamb at 2 yrs. old 
Both dead 2 lambs at 2 yrs. old 
Dead None 
Dead None 





2 


“eo 


9 
1 
2 








rere 
| 


The vitamin A content of the colostrum and milk was determined by a 
colorimetric method which included features described by Carr and Price 
(1926), Dyer and Wokes (1930), and Holmes, Tripp, and Satterfield 
(1936). The vitamin A was extracted from the milk by the method de- 
seribed by Dann (1933) in his investigation of vitamin A content of cow’s 
milk and colostrum. The following procedure was used throughout. A 
10-gm. sample was digested on a steam bath for one hour with 10 e.c. of 
66-per cent aleoholie KOH. The flask was cooled and its contents poured 
into a separatory funnel together with 10 ¢.c. of aleohol and extracted 
with 30 ¢.c. of ethyl ether. The ether was washed three times with 50-c.c. 
portions of distilled water, dried over anhydrous sodium sulfate, and 
evaporated to dryness. The residue was dissolved in chloroform which 
was adjusted to a volume whereby 0.1 to 0.5 ¢.c. would give a reading 
within the limits of the tintometer. The chloroform solution was pipetted 
into a tintometer cell and a saturated solution of antimony trichloride in 
chloroform was added until the total volume was 2.5 ¢.c. The depth of the 
blue color produced was compared in a Lovibond tintometer with that of 
standard color glasses. The results of the individual assays of colostrum 
and milk are reported (Table 2). 
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DISCUSSION 

The first series of samples of colostrum obtained from the two-year-old 
ewes varied in vitamin A content from 2.87 to 21.90 and averaged 9.65 
Lovibond units per gm. On the second day the average vitamin A content 
of the colostrum was essentially the same for the two-year-old ewes, being 
9.18 Lovibond units per gm. The vitamin A values obtained for the colos- 
trum from the three-year-old ewes on the first day of lactation varied from 
3.08 to 16.73 gm., with an average of 10.01 units per gm., but on the 
second day the average had dropped to 5.92 Lovibond units per gm. 

Since their lambs were born dead, samples were collected regularly 
from the two-year-old ewes, Nos. 37 and 51, and the three-year-old ewe, 
No. 36, for only two days following parturition. The average values on 
the third day of lactation were 4.88 for the other four two-year-old ewes 
and 4.39 for the seven three-year-old ewes. The values for the fourth 
day were 4.95 for the two-year-old ewes, and 4.01 for the three-year-old 
ewes. 

By the end of the first week the vitamin A content of the milk had 
dropped to 0.81 Lovibond units per gm. for the two-year-old ewes and 5.64 
Lovibond units per gm. for the three-year-old ewes. The high average 
values obtained for the three-year-old ewes were due to the unusually high 
values obtained for ewe No. 46. The first sample of colostrum obtained 
from this ewe showed 29.1 Lovibond units per gm. immediately after the 
lamb was born. Several hours later on the same day the value had dropped 
to 16.73, but high values were obtained for more than a week. This ab- 
normal situation may have been due to the presence of colostrum which 
was not removed from the udder as would have been the case if her lamb 
had been born alive and suckled normally. 

In addition to the results obtained for the vitamin A content of sam- 
ples from the individual ewes, Table 2 contains average values for the 
vitamin A content of the milk collected only from those ewes whose lambs 
grew to maturity. In all probability these latter values are more nearly 
typical of the vitamin A content of ewe’s colostrum and milk than those 
which include data from ewes which produced dead lambs. Judged by 
these data, the lamb removes the colostrum from the ewe’s udder quite 
rapidly, for by the third day of lactation the vitamin A content had 
dropped from an, initial 10.11 to 3.98 Lovibond units per gm., and by the 
sixth day of lactation the vitamin A content was 1.03 units per gm. or 
about one-tenth that of the initial colostrum. This rate of decrease is 
practically identical with that reported by Barron (1942) from a study 
with 13 Dorset Horn cross Border-Leicester ewes. Barron obtained aver- 
age vitamin A values of 56.1 units one hour after paturition, 21.7 units 
at 48 hours, 10 units after four days of lactation, 5.8 units after six days, 
4.8 units after eight days, and 5.6 Lovibond units per gm. after 10 days of 
lactation. The decrease of vitamin A content of ewe’s colostrum and milk 
during early lactation is quite similar to that of cows, for Dann (1933) 
reports that, independent of the season of the year, the vitamin A con- 
centration of colostrum may be from 10 to 100 times larger than in subse- 
quent milk from the same cow. Dann (1933) also found that the vitamin 
content of colostrum and early milk of heifers was higher than that of 
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cows. In this study the vitamin A content of the colostrum and early 
milk of the two-year-old ewes was some higher than that of the three- 
year-old ewes. 

One may question why 12 of the 22 lambs from supposedly normal 
ewes were born dead. It is possible that the soybeans were a prominent 
factor, if not the sole cause, of this high mortality. In 1931 Hostetler and 
Foster (1943) observed that nursing ewes fed mature soybean hay devel- 
oped abnormal symptoms. The majority of their lambs died and many of 
the ewes developed inflamed and congested udders. They also stated that 
farmers in their locality experienced similar difficulties with ewes, swine, 
and cows. Wilbur, Hilton, and Hauge (1935) ; Hauge, Wilbur, and Hilton 
(1937) ; and Hauge (1937) reported that soybeans contain a factor which 
interferes with the transference of vitamin A (carotene) potency of the 
ration to the milk fat secreted by cows. Sharpless (1938) found that rats 
readily developed goiter when fed a ration containing a large proportion of 
unprocessed soybean flour and that the enlarged thyroid glands were 
hyperplastic with little or no eolloid. Wilgus (1940) stated that soybean 
oil meal contains a goitrogenic factor which is insoluble in chloroform, 
hexane, ether, acetone, or alcohol. Sharpless, Pearsons, and Prato (1939) 
observed that rats fed a ration of unprocessed soybean flour (75 per cent), 
yeast, sugar, butterfat, sodium chloride, and calcium carbonate for a 
seven-weeks experimental period developed enlarged thyroid glands which 
were four times the normal size. Wilgus, Gassner, Patton, and Gustavson 
(1941) stated that the intense goitrogenicity of soybeans is evident by 
the enlargement of chicks’ thyroid glands to eight or 10 times the normal 
size. 

SUMMARY 

Normal, well-developed two-year and three-year-old Hampshire ewes 
were selected for this study. During the summer and fall preceding the 
study they were maintained on an excellent pasture of lespedeza and 
native grasses. In December and January, they received four pounds of 
soybean hay or soybean hay and soybeans. When their lambs were born 
in February and early March, each received in addition 1.5 pounds daily 
of a mixture of corn, oats, wheat bran, and cottonseed meal. 

The first sample of colostrum was collected as soon as possible after 
parturition. Thereafter, samples were collected each morning for a week 
or more and subsequently at less frequent intervals. The samples were 
assayed by the colorimetric method for their vitamin A content. 

The average vitamin A content of the colostrum and milk obtained 
from ewes that produced lambs which grew to maturity was 10.11, 6.88, 
3.98, 3.37, 2.70, 1.03, and 1.10 Lovibond units per gm., respectively, for 
the first seven days of lactation. During the second and third weeks of 
lactation, the vitamin A content of the milk was lower. The vitamin A 
content of the colostrum and early milk of the two-year-old ewes was 
slightly higher than that of the older animals. 
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According to current tables of food composition, the iron content of 
milk is two milligrams per kilogram.’ That this value might be too high 
first occurred to the writer after finding that a sample of milk which was 
analyzed as part of a dietary study contained only a fraction of that 
amount. This led to a survey of the literature to discover the values 
found by recent analysts and eventually to the analyses reported here. 

The most extensive study of the iron content of milk reported in the 
last 10 years is the one made by the Rowett Research Institute of England 
(1934) ; the average for 220 samples was 0.89 mg. per liter, with a range 
from 0.27 to 1.4 mg. per liter. This value, however, may not be repre- 
sentative of the milk on the market in all other countries. Even if milk 
as it is secreted from the cow were the same throughout the world, it is 
quite possible that it would pick up more iron during handling in some 
places than in others. 

In this country during the last 10 years, results of analyses of iron 
content of milk have been reported by at least eight workers (Table 1). 
In most cases these analyses were incidental to other studies. In only one 
study, that by Toscani and Reznikoff (1934), is the value reported as high 
as the one in the current tables of food composition. In the other seven 
studies the values range from 0.34 to 0.96 mg. per kg. or only about one- 
third of that value. Since most of these studies were made on only one to 
three sampies, and since the only extensive one [Krauss and Washburn 
(1936)] was not made on regular market milk but on milk drawn into 
enamel containers, they do not yield enough information to lead to the 
establishment of a new value. They do, however, indicate the need for 
one. It was to fulfill this need that the present study was undertaken. 


EXPERIMENTAL PROCEDURE 

Sixty-one bottles of market milk distributed by 25 companies were used. 
These samples were chosen so as to include milk of various bacterial counts 
within the Grade-A classification and of various butterfat contents. They 
were from large and small companies in various parts of the United States, 
and they were taken at different seasons. All were pasteurized and a few 
were homogenized and had vitamin D added. Some were packaged in glass 
bottles and some in paper cartons. 

For each analysis, triplicate samples of whole milk were pipetted from 
the original market container into platinum dishes, dry-ashed, and iron 
was determined by Stugart’s thiocyanate method (1931). The depth of 


*Sherman, H. C., 1941. Chemistry of Food and Nutrition. The MacMillan Com- 
pany, New York, N. Y. 
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color of the iron salt was determined in a Coleman Universal Spectropho- 
tometer. Great care was taken to prevent contamination throughout the 
entire process. 

The results of the analyses on samples collected in Chicago, in other cit- 
ies throughout the United States, and in a rural area are given (Table 2). 
The milk on the Chicago market will be considered first. The milk of ten 
distributors supplying 11 products, ranged in value from 0.248 to 0.376 
mg. per kg. with an even distribution along the range. The mean was 0.304 
mg. per kg. This, however, does not take into account the fact that some 
distributors handle much larger volumes of milk than others. The products 
of the two largest distributors, A and B, who supply approximately half 
of the milk in the Chicago marketing area were the two containing the 
least iron. 


TABLE 1 
Iron Content of Milks According to Analyses Made in the 
United States Since 1933 


| Number | 
Author of Analytical method Iron content 
samples 





Toseani and Rezinkoff (1934) 3 Thiocyanate (Elvehjem) | 1.3-2.6 mg. per kg. 
Leavell and Ellis (1934) : Mercapto—acetie acid 0.6-0.75 mg. per liter 
Farrar (1935) Thiocyanate (Farrar) 0.5 mg. per kg. 
Ascham (1935) Thiocyanate (Stugart) 0.96 mg. per kg. 
Krauss and Washburn (1936) ‘ Thiocyanate (Stugart) | 0.34-0.43* mg. per liter 
Stearns and Stinger (1937) : Thiocyanate (Stugart) 0.38-0.72 mg. per liter 
Elvehjem et al. (1937) Thiocyanate (Elvehjem) | 0.50? mg. per liter 
Roberts et al. (1940) Thiocyanate (Stugart) 0.42 mg. per kg. 





1 Drawn into enamel vessels. ? Certified milk. 


The question then arose as to whether or not the low iron content of 
the milk on the Chicago market is typical of the rest of the country. 
Samples of 13 milks were brought in by airplane? from 10 cities widely 
scattered throughout the United States. The range of 0.114 to 0.650 mg. 
per kg. (Table 2) was wider than for the Chicago milks but the distri- 
bution within the range was similar. The mean of 0.330 mg. per kg. was 
close to that of the Chicago milks. 


Since all the communities from which milk had been obtained were 
large ones, it seemed advisable to secure some from a rural area. Samples 
were procured, therefore, from three distributors in Miami County, Ohio. 
These samples were chosen so as to be representative of the nine dis- 
tributors in the county and, also, of the six distributors who supplied 
milk for Troy, Ohio, a town of 9,000 population, located within the county. 
The plants of these distributors were in Troy and supplied about half of 
the milk of that community as well as much of the milk in the small 
towns nearby. The regular milk of these companies contained 0.257, 0.310, 
and 0.446 mg. per kg. (Table 2). The one containing the most iron was 


*Most of these samples were supplied by the courtesy of the United Air Lines. 
This made it possible to obtain the milk samples before souring made accurate sampling 
difficult. 
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from the company distributing the smallest volume of milk. These values 
are similar to those in the large cities. 


DISCUSSION 


These analyses indicate that the iron content of the milk in Chicago, 
in several of the large cities in the United States, and in one rural area 
is similar. In fact, the iron content seems to vary, not with location, but 
with the individual distributors. It would be interesting to know why 
the milk marketed by some distributors has twice as much iron in it as 
that of others. This variation may be due to an actual difference in the 
iron content of the milk as it is secreted by the cow or to contamination 
in handling or to both. The possibility of variation in the milk as secreted 
will be considered first. 

That the iron content of milk is altered by variations in the iron con- 
tent of the ration fed to the cows has been disproved. After trebling the 
iron content of the ration of 10 cows, Krauss and Washburn (1936) found 
no increase in the iron content of the milk. Elvehjem, Herrin, and Hart 
(1926) also found no increase in the iron content of milk following an 
increase in intake. 

Since the protein content of Guernsey milk is 17 per cent greater than 
Holstein, it seemed possible that differences in breed might account for 
some variation in iron content. Samples of pure Holstein and pure Guern- 
sey milk were obtained before pasteurization.* Two bottles of Guernsey 
milk contained an average of 0.380 mg. per kg., and two bottles of Hol- 
stein contained an average of 0.337 mg. per kg. The Guernsey was 13 
per cent higher in iron content. Since this is only one case and since 
the error of the method may be as high as 10 per cent when such minute 
amounts of iron are concerned, about all that can be concluded is that 
Guernsey milk contains a little more iron than Holstein but so little that 
it makes no important difference in dietary calculations. That this econ- 
clusion is correct is corroborated by the analyses of the milk of three 
distributors who were marketing both a mixed-breed milk and a pure 
Guernsey milk. In the cases of Distributors A and W the mixed-breed 
milk contained less iron than the Guernsey, bit very little less (Table 2) ; 
from the case of Company Q it is impossible to draw any evidence because 
the iron content of the two bottles of mixed-breed milk was so different. 

If there were a seasonal variation in the iron content of milk, this 
might result from an actual change in the milk produced by the cow. In 
this study the milk samples from Chicago were taken at different seasons 
but no evidence of any relationship to season appeared. 

There is also the possibility that the variations in the iron content of 
milk may be due to iron dissolved from the equipment with which milk 
comes in contact in the process of handling it for the market. Krauss 
and Washburn (1936) drew milk into an enamel container and then ana- 
lyzed it. Using the same method as the one employed in this study, they 
found 0.34 to 0.43 mg. per liter. This is close to the amount of iron found 


*This milk was supplied by the courtesy of the Farmer’s Cooperative Dairy, Troy, 
Ohio. 














TABLE 2 
Iron Content of Market Milk 





Location 





Chicago, Ill. 


Average 


Urban (outside Chicago) | 


Lincoln, Neb. 


New York, N. Y. 

St. Louis, Mo. 

Salt Lake City, Utah 
Boston, Mass. 


Jacksonville, Fla. 


Los Angeles, Calif. 


San Francisco, Calif. 


New York, N. Y. 
Portland, Ore. 


Denver, Colo. 


SS  _ E e 


Rural 
Miami County, Ohio 








Distributor 





A 
A 
A (Guernsey) 
A (Guernsey ) 
B 


B 
B 
B 
C 
C 
D 
D 
D 
E 
E 
E 
F 
F 
G 
G 
G 
H 
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Q (Guernsey ) 
R 
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WwW 
W 
W (Guernsey) 
W (Guernsey ) 





X 
Y 
-_ = = 
ST ee seve 
Average for all distributors........eeeee 





1 These analyses were made by Dr. Ruth Leverton at the U 
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in the present study with one exception. Therefore, most of the milks 
analyzed in this study apparently had not picked up much, if any, iron. 
The reason for this is that the linings of the equipment used in dairies 
and milk plants are made of very hard and resistant metals or of glass. 

It is possible that some market milk contains less iron than when drawn 
from the cows because iron has been removed in the pasteurization process. 
This possibility was suggested by the differences in iron content of the 
samples of unpasteurized Guernsey and Holstein milk supplied by Dis- 
tributor X for the study of breed differences and the samples of regular 
pasteurized milk supplied by the same distributor. Since the regular, 
mixed-breed milk was about half Guernsey and half Holstein, values for 
them may be averaged to give 0.358 mg. per kg. before pasteurization while 
the pasteurized milk contained 0.310 mg. per kg. 

The purpose of this study was to decide what value should be selected 
as representative of the average iron content of the milk on the markets 
in this country. The combined results of the milks from Chicago, the 
other cities, and the rural area should furnish a basis for such a decision. 
The range was from 0.114 to 0.650 mg. per kg. with a mean of 0.319 mg. 
per kg. The median fell between 0.310 and 0.313 mg. per kg. and the 
modal group was 0.310 to 0.320 mg. per kg. The volume of milk dis- 
tributed by each company is not taken into consideration on the above 
values. Since the milk of the largest companies tends to be low in iron, 


it is probably justifiable to select 0.30 mg. per kg. as a good average for 
all market milk. 


Why is this value so much lower than the one found in the tables of 
food composition? There are two possibilities. One is that there has beer 
an improvement in the method of analysis. The method employed in the 
most recent work, and in this study, was the thiocyanate method as modi- 
fied by Stugart and published in 1931. For a detailed discussion of the 
advantages of this method the reader is referred to the article by Stugart. 
The other possibility is that some market milks actually contained more 
iron a decade or two ago, when the value of 2.0 mg. per kg. was adopted, 
than they do today because the metals used for vessels in all dairies and 
milk piants at that time may not have been of a highly resistant type. 

The question might also be raised as to why the value found in the 
present study is somewhat lower than most of the values reported in the 
recent literature. Krauss and Washburn (1936), the only authors report- 
ing values as low as those in the present study and the only ones reporting 
more than three analyses, state in a footnote that the first two values of 
approximately 0.5 mg. per liter which they reported are probably too 
high, since similar samples analyzed after ‘‘further refinements in tech- 
nique’’* contained only 0.36 mg. per liter. The same thing happened in 
the present study. The first three analyses yielded values in the neighbor- 
hood of 0.5 mg. per kg. These values were discarded because later, after 
further precautions against contamination were taken, these same milks 
under similar conditions of sampling yielded lower values. 


“Krauss and Washburn (1936) p. 249. 





IRON CONTENT OF MARKET MILK 


SUMMARY 


Sixty-one bottles of market milk from 25 companies in 12 communities 
were analyzed for iron by Stugart’s thiocyanate method. The iron content 
ranged from 0.114 to 0.650 mg. per kg. The mean was 0.319 mg. per kg. 
Probably the best value to adopt for average market milk is 0.3 mg. per 
kg. This is only one-seventh of the value given in current tables of food 
composition. 
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It has been shown that yolk and albumen of chicken eggs undergo 
with age rapid changes in their physical and chemical properties. There 
is a transference of water from the albumen to the yolk and back; loss 
in water first from the albumen and then also from the yolk; equilibra- 
tion in osmotic pressure between the yolk and albumen— Smith and 
Shepherd (1931); increase in hydrogen-ion concentration; and formation 
of ammonia—Romanoff (1940). The rate of physical and chemical break- 
down has been considered to be influenced greatly by temperature, some- 
what by humidity, and possibly by several other environmental factors. 

Since all these changes, which are indicative both of age and deteriora- 
tion of eggs, so far have been recorded on dissected eggs, there is a distinct 
need for a method which would permit successive observations of physi- 
cochemiecal activity of the same egg without its dissection. The radio- 
frequency field-is one among the methods that may offer such possibilities. 
This has already been demonstrated in differentiation of fertility in fresh 
intact eggs by high-frequency conductivity and dielectric effect—Romanoft 
and Cottrell (1939) and Romanoff and Frank (1941). 


EXPERIMENTAL PROCEDURE 

White Leghorn (Gallus domesticus) eggs of uniform weight, shape, and 
shell texture were used. They were divided in equal lots and kept at 5, 
13, and 21°C.(41, 55.4, and 69.8°F.) with relative humidity of about 55 
per cent. Six eggs from each group were measured individually at weekly 
intervals, during a 10-week period, for relative conductivity at a frequency 
of about 12 megacycles, by the method previously deseribed—Romanoff 
and Cottrell (1939) and Romanoff and Frank (1941). At the end of the 
experimental period ail eggs were examined to determine their relative 
marketable value for human consumption. 


RESULTS AND DISCUSSION 

It was observed (Fig. 1) that radio-frequency conductivity increases 
with the age of the egg. This increase was very rapid in eggs held at room 
temperature of 21°C. and relatively slow in those held in a refrigerator 
at 5°C. At 13°C. the increase was intermediate between the two extreme 
groups. 

At the end of the 10 weeks of storage all eggs were graded on the basis 
of their appearance (determined by candling) and on internal examina- 
tion. This observation showed that radio-frequency conductivity follows 
the deterioration rate of eggs with aging, and the rate was increased with 
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an increase in temperature. Eggs held at a temperature of 21°C. passed 
rapidly from the fresh state to a low market grade and then to an inedible 
condition, while at the lower temperature of 5°C. the change in quality of 
eggs was slow, particularly during the first month of storage. 
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AGE OF EGGS (in weeks) 
Fig. 1. Suecessive changes in relative radio-frequency conductivity of intact chicken 
ggs kept under various storage conditions. (The approximate market grades of these 
ggs at the end of the 10-week period are indicated.) 
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The results of these observations have two important aspects: theo- 
retical and economic. From the theoretical point of view it is of interest 
to explain the underlying cause of changes in radio-frequency conductivity, 
while from the economic point of view the possibility may be seen of the 
use of this new technic in studies of successive chemical deterioration of 
intact eggs. 

The increase in radio-frequency conductivity of eggs with age could 
not be attributed entirely to the loss in water through evaporation, because 
the loss in weight of these eggs was found to be linear—Hall and Romanoff 
(1943)—while the changes in conductivity follow a more or less general 
exponential curve of many physicochemical changes within the egg. 
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After laying, the changes in radio-frequency conductivity of egg yolk 
and albumen still remain to be determined. It has been shown that in 
fresh eggs under the influence of fertilization—Romanoff and Frank 
(1941)—albumen undergoes marked change, at least during the uterine 
period. A slight increase in water content of the yolk during its passage 
through oviduet—Romanoff (1931)—presumably has no influence on 
conductivity. 

The observations, showing that the rate of increase in radio-frequency 
conductivity is closely related to deterioration in eggs, are of particular 
interest to the food industry. Considering the relative inefficiency of the 
present primitive method of grading of market eggs by candling, fur- 
ther studies of the use of high-frequency field may offer a better method 
and add to the aceuracy in evaluation of quality of table eggs irrespective 
of their age or condition of storage. 

CONCLUSIONS 

Radio-frequency conductivity of intact hen’s eggs increases with their 
age. 

The rate of increase in conductivity is greatly influenced by holding 
at higher temperatures. 

The conductivity of eggs at all ages is directly related to the degree 
of their deterioration. 
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OF BEEF DURING STORAGE? 


PAULINE PAUL,? BELLE LOWE, anp BUFORD R. McCLURG 
Departments of Food and Nutrition and Animal Husbandry, 
Iowa State College, Ames, Iowa 


(Received for publication, October 7, 1943) 


The effects of storage on the palatability of beef have been investigated 
by many workers, but very few studies have been made in which the histo- 
logical changes during the onset and dissolution of rigor and subsequent 
ripening were investigated. A study of such changes may lead to a better 
understanding of the factors causing the increased palatability claimed for 
beef which has been ripened. The work reported herein was done on the 
voluntary, cross-striated muscles of beef, since these are the ones chiefly 
used for food. 

Mangold (1921, 1922a,b) studied the onset of rigor in mice, rats, and 
rabbits. He found that, in general, an isolated muscle went into rigor 
faster, took longer to attain maximum stiffness, but began to lose rigor 
more quickly than did the entire body of the animal. The muscles in rigor 
were approximately 67 per cent stiffer (more resistant to pressure) than 
they were immediately after death. 

Smith (1939) found that the onset of rigor in rabbit muscle increased 
the modulus of elasticity from 700-3,000 to about 10,000. The time of 
onset of rigor in normal muscle varied from zero to seven hours or more, 
with violent activity immediately before killing hastening its appearance. 

One of the common observations in microscopic studies of rigor is the 
variable response of the fibers, Carey (1940). Some fibers develop the 
characteristic zones of contraction and rarefaction, others exhibit a wavy 
or kinked appearance which is interpreted by Carey to indicate that these 
fibers are not under tension but are passively retracted by the contraction 
of the noded fibers. The appearance of the contraction nodes also varies 
with the means employed in inducing rigor. In the stretched regions be- 
tween the nodes in any given fiber, rigor increases the prominence of the 
longitudinal striations. There is also some slipping of the fibrils, so that 
the bands which give the cross-striated appearance are no longer perfectly 
aligned. This gives rise to irregularities in these striations, such as Vernier 
effects, zigzags, and diagonal stripes. 

Hanson, Stewart, and Lowe (1942) found that with dissolution of rigor 
thinning of the cell contents occurred at random points in seattered broiler 
musele fibers. Next sharp breaks or ruptures appeared. These were fol- 
lowed by the development of long areas in which the striated structure 
of the fiber had disintegrated. The disintegrated areas became larger and 
more numerous as the storage period was increased. Dissolution of rigor 
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occurred earlier in breast than in thigh muscles and earlier in some birds 
than in others. These changes in structure of the fiber were correlated 
with the changes in tenderness of muscle with dissolution of rigor. 


The studies on storage of meat prior to 1909 have been summarized by 
Emmett and Grindley (1909). Since that time several studies have been 
made, centering chiefly on chemical and palatability changes. 

Hoagland, McBride, and Powick (1917), Lehmann (1907), Steiner 
(1938), Griswold and Wharton (1941), Beard (1942), and Moran and 
Smith (1929) agreed that one of the most important palatability changes 
during ripening of beef was increased tenderness. However, there was 
some disagreement concerning the magnitude of the change in any given 
time. probably arising from differences in the experimental materials and 
conditions. The consensus seems to be that beef should be held in storage 
from 10 days to two weeks to allow for an increase in tenderness. Beyond 
this point, flavor changes occur which may be desirable or undesirable. 

Moran and Smith (1929) attributed the increase in tenderness which 
occurred when beef was hung to chemical change in the proteins of the 
muscle substance and the protein, collagen, of the connective tissues. They 
thought the alteration in the proteins of the muscle fiber was the most 
important change in the first few days after death, for this caused the 
disappearance of rigor. Several days after death, at a time depending 
mainly upon temperature, rigor was completely resolved, and further in- 
crease in tenderness was due mainly to the softening and swelling of the 
collagen. 

Steiner (1938, 1939) stated that the decrease in toughness of beef 
during the first four or five days of storage was caused chiefly by changes 
in the muscle fibers. Changes in the connective tissue, by autolytie or 
other means, affect the tenderness of beef only after longer storage, 20 
to 30 days. Since the increase in tenderness of beef was not great after 
20 to 30 days of storage, Steiner thought the role of the connective tissue 
was a minor one in tenderizing beef by storage. 

Lehmann (1907), Mitchell, Hamilton, and Haines (1928), and Mack- 
intosh, Hall, and Vail (1936) found a high correlation between connective 
tissue content and tenderness of beef. 

In the cooking process there are two opposing factors affecting tender- 
ness—one is the change in connective tissue, the other the change in the 
muscle-fiber proteins. The elastic tissue is not changed by the normal 
cooking processes, but part of the collagen is hydrolyzed, the extent of 
hydrolysis increasing with longer cooking time. This hydrolysis increases 
the tenderness of the meat. Satorius and Child (1938) found, however, 
that the tenderness decreased if beef was cooked to internal temperatures 
above 67°C.(152.6°F.). This they attributed to the toughening effect of 
heat in coagulating and hardening the muscle-fiber proteins. 


EXPERIMENTAL PROCEDURE 
The beef used in this study consisted of a pair of rounds and a pair of 
psoas major muscles from a ‘‘good’’ grade, yearling steer. The muscles 
utilized were the semitendinosus, semimembranosus, biceps femoris, the 
vastus group (lateralis, intermedius, and medius), gastrocnemius, adductor. 
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and psoas major. Each of the first four muscles was divided into six 
roasts, three from the right and three from the left side of the animal. 
The last three muscles were combined into one group. It had been origi- 
nally planned to test the same muscles from several animals, but the ration- 
ing program made it impractical to use meat from more than one animal. 

The storage times employed were zero, one, two, four, nine, and 18 days. 
The roasts with no storage were cooked within three hours after slaughter 
of the animal. The other cuts were wrapped and stored at approximately 
1.7°C.(85°F.+1°) for the desired time before cooking. A balanced incom- 
plete block design, as used by Yates (1936), was employed in assigning the 
six treatments among the five muscle groups and in analyzing the data by 
analysis of variance. 

Cooking: The roasts were cooked in open pans in gas ovens at 150°C. 
(302°F.) to an internal temperature of 63 to 66°C.(145.4 to 150.8°F.). 
The larger roasts from the semimembranosus, biceps femoris, and gastroc- 
nemius, were removed from the oven at the lower internal temperature, as 
the temperature continued to rise after their removal. The final internal 
temperature of all roasts averaged 66°C. and varied from 65 to 67°C. 
(149 to 152.6°F.). 

The weights of the raw roasts, the cooked roasts, and the pan drippings 
were determined. The total cooking loss, less the drippings, gave the loss 
by evaporation. The losses were expressed in per cent on the basis of the 
raw weight of each roast. 

The cooked roasts were scored by four judges for tenderness, juiciness, 
aroma, and flavor of lean and fat. The tenderness was also determined 
objectively by shearing. The amount of press fluid was measured by the 
use of the pressometer. 

Histological Studies: Slides were made of both the raw and the cooked 
meat. The tissues were fixed in 10 per cent formalin. Both paratfin and 
frozen sections were prepared. The paraffin sections were stained with 
French’s modification of Weigert’s elastic tissue stain, Harris’s alum hema- 
toxylin, and van Giesen’s mixture of acid fuchsin and picrie acid. From 
the paraffin treatment the muscle fibers were stained yellow-orange, the 
collagenous tissue bright red, and the elastic tissue dark blue-green. The 
frozen sections were stained with Harris’s alum hematoxylin and Herx- 
heimer’s searlet ‘‘R’’ solution, giving blue muscle tissue and red fat 
deposits. 

RESULTS AND DISCUSSION 

Effects of Storage: The external fat on the roasts cooked without 
storage was soft and oily. After one day of storage the fat on the other 
roasts was firm and brittle. 

The amount of drip varied with the storage period. The roasts with 
zero and one day of storage were quite dry on the surface. Those with 
two and four days of storage were quite moist. By the ninth day the 
surface of the meat was again fairly dry, but the juice had collected in 
the folds of the wrapping paper. The roasts stored for 18 days were 
sticky rather than wet. 

No obvious signs of growth of microorganisms were observed until the 
18-day group was tested. The semitendinosus at that time showed a small 
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spot of blue mold. Another sign of growth of microorganisms was the 
sticky surface of all the 18-day roasts. This was noticed on the external 
fat as well as on the lean. All the 18-day roasts had rather ‘‘high’’ aroma 
when raw. This aroma persisted during and after cooking. 

Rigor: With the exception of the psoas major, none of the zero-storage 
roasts had gone into rigor before cooking, but they were definitely in rigor 
when taken from the oven. The psoas major was stiff and resistant before 
it was cooked, but it had lost the appearance of rigor by the end of the 
cooking period. The extreme rigidity that made roasts in rigor difficult 
to cut had disappeared from the stored roasts when they were tested. 

The very rapid onset and dissolution of rigor found in this study prob- 
ably resulted from the extra handling the roasts received in the process 
of dissection and wrapping. In actual practice it is customary to ripen 
beef as sides, quarters, or wholesale cuts, not as individual roasts. How- 
ever, to insure comparability of treatment and to prevent excessive drying 
of the cut surface, the roasts were cut and wrapped early in the storage 
period. 

The roasts were extremely difficult to cut when rigor was at its peak, 
as they were hard and rigid and the procedure was similar to cutting a 
rubber cork. 

TABLE 1 
nd Cooking Time of Beef Roasts 


Average Cooking Losses a 











Time of storage (days) 


Le -| F value 


Cooking losses ee 
2 4 | 9 18 


pet. | pet. pet. | pet. 

9.0 10.7 | 9.6 8.4 1.40 
Dripping | 3S | J 1.1 1.0 0.9 3.1 4.63" 
Evaporation 9 | . 8.0 9.7 | 8.6 5.4 4.851 


Cooking time (min. per Ib.)...). 51. 9.$ 55.0 62.1 | 70.4 64.3 1.26 








1 Highly significant. 


Cooking Data: The data on losses and cooking time (Table 1) indicate 
that the total losses did not change significantly with storage. The drip- 
ping losses increased sharply for the longest storage period, but this 
increase was offset by a corresponding decrease in the loss by evaporation. 
The cooking times were too variable to show any significant change with 
increased storage. 

Palatability Factors: The average scores are given (Table 2); no ‘‘F”’ 
value is given for flavor of fat, as many of the roasts did not have suffi- 
cient fat for judging. In addition to the palatability factors, the shear 
forees and the press-fluid values on the cooked beef for the different stor- 
age treatments are also given. 

A decided increase in tenderness with storage was found in both the 
seores and the shear reading. The juiciness also increased. The aroma 
and flavor scores improved up to nine days but tended to decrease with 
further storage, owing to development of ‘‘gaminess’’ in the lean and 
rancidity in the fat. The quantity of press fluid first decreased then in- 
ereased sharply, indicating changes in the water-binding powers of the 
proteins and the permeability of the cell membranes. 
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TABLE 2 


Average Judging Scores, Shearing Force, and Press-Fluid Values 
for Beef Roasts 
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HISTOLOGICAL CHANGES 

Changes With Storage: The general microscopic changes which oc- 
curred with storage were as follows: The freshly killed beef had very 
poorly differentiated fibers which were straight to slightly wavy. These 
fibers showed the longitudinal more prominently than the cross striations. 
After one day of storage the fibers were much more distinct, some of them 
showing contracture nodes, others the kinks or crinkles of passive retrac- 
tion. The nodes seemed to be very dense and resistant since they persisted 
through the 18 days of storage. The kinks and crinkles disappeared after 
four to nine days of storage. Breaks appeared on the second day and be- 
came more numerous as storage time increased. The changes during stor- 
age in the semimembranosus muscle, which are characteristic of the changes 
in all the muscles, are illustrated (Fig. 1). 

The time of appearance of the breaks or ruptures in the fibers was 
variable, some sections showing them after one day of storage. No breaks 
were found in the zero-storage roasts. 

An exception to the characteristic changes in storage was noted. After 
one day of storage the entire raw semitendinosus contracted, throwing the 
fibers into pronounced waves much longer than the crinkles produced by 
differences in contraction along the fibers. These waves were observed 
macroscopically (Fig. 2). The waves were more or less spiral, making it 
difficult to prepare longitudinal or cross sections (Fig. 3, lower left). When 
longitudinal sections could be obtained, the characteristic nodes and kinks 
of rigor were visible as microscopic waves within the macroscopic waves. 
The macroscopic waves were present after four days of storage but had 
disappeared by the ninth day. In this study only the semitendinosus mus- 
cle showed appreciable amounts of elastin by microscopic methods. There- 
fore, it is possible that the elastin content may have had a role in the 
formation of the macroscopic waves. The small amount of elastin in the 
other museles of the round is contrary to all other observations in this 
laboratory. However, it should be remembered that sections of meat for 
microscopic study are small, hence it is possible that many samples might 
be obtained which showed little or no elastin. 

Effect of Cooking: In general, cooking increased the microscopic mani- 
festations of the rigor stages observed in. the uncooked meat. In the zero- 





PAULINE PAUL, BELLE LOWE, AND BUFORD R. MCCLURG 


Fig. 1. Changes during storage of semimembranosus fibers (photomicrographs of 
longitudinal frozen sections of uncooked fibers). Upper left: no storage; fibers poorly 
differentiated and straight to wavy. Upper right: one day’s storage; fibers show con- 
tracture nodes and erinkles of rigor. Middle left: two days’ storage; fibers retain 
some waves and a few breaks are appearing. Middle right: four days’ storage; waves 
have disappeared. Lower left: nine days’ storage; breaks and disintegrated areas 
are more numerous. Lower right: 18 days’ storage; similar to nine-day stored samples 
(40x). 
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storage roasts cooking increased the definition of the fibers and produced 
signs of heat rigor. In the one- and two-day storage roasts the indications 
of rigor were made more prominent by cooking. Cooking caused little 
change in the four-day storage roasts from that of the uncooked roasts 
for the same storage period. However, the roasts cooked after nine and 
18 days of storage had more breaks and disintegrated areas in the fibers 
than the raw samples of these same roasts. 

The change in the collagenous connective tissue with cooking was 
readily observed in the muscles having heavy deposits of this material 
around the muscle bundles. In the uncooked beef all the collagenous 


Fig. 2. The cooked surface, after one day’s storage, of the semitendinosus muscle 
showing the macroscopic waves of rigor (3x). (See Fig. 3, lower left, for a longi- 
tudinal section of higher magnification.) 


tissue stained a bright red. However, much of this tissue in the cooked 
meat would no longer stain with the acid fuchsin but was colored yellow 
by pierie acid. This cooked connective tissue was broken and somewhat 
gvranular, whereas the red-stained tissue was fibrous. 

Rigor Changes: There were two distinct microscopie changes produced 
by normal rigor—one active, the other passive. The active change was 
the appearance of alternate zones of condensation and rarefaction in the 
fibers under tension from contracture. The passive phase was found in the 
crinkled or kinked appearance of the fibers, which apparently were not 
contracted in themselves, but were thrown in waves from outside stresses. 
The stresses probably came from the contraction of the noded fibers in 
some instances (Fig. 3, upper left) and from connective tissue in other 
cases. 

The nodes which occurred in normal rigor were quite characteristic 
(Figs. 3 and 4); they were swollen and dense. The completely contracted 
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Fig. 3. Nodes, crinkles, kinks, and macroscopic waves of rigor (photomicrographs 
of longitudinal frozen sections). Upper left: cooked semimembranosus; one-day stor- 
age. Note spacing between nodes and the crinkled fibers between the noded fibers 
(40x). Upper right: same as upper left; node and adjacent crinkled fiber (180x). 
Middle left: nodes in uncooked semimembranosus after one day’s storage (180x). 
Middle right: kinks in cooked vastus after nine days’ storage (180x). Lower left: 
cooked semitendinosus; one-day storage; a longitudinal section of higher magnification 
of spiral macroscopic waves shown in Fig. 2; note kinks in bend of wave (40x). 
Lower right: crinkled raw semimembranosus fibers after one day’s storage (180x). 
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Fig. 4. Rigor node in uncooked biceps femoris, longitudinal frozen section, nine-day 
storage (1,870x). 
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nodes were too dense to show eross striations at lower magnifications. 
Some nodes (Fig. 3, upper right) did not show striations after magnifica- 
tion 1,870 times. In other nodes (Fig. 4) the condensed cross striations 
were visible, indicating less than maximum contraction. 

The distance between the nodes varied. Sometimes two or more nodes 
occurred in a short space in the same fiber, whereas others were widely 
separated (Fig. 3, upper left and center left). 

The changes in the striations around the nodes were very definite. The 
stretched areas immediately adjacent to the nodes in the same fibers were 
narrower and stained less deeply than the nodes themselves (Fig. 3, 
upper right). These rarified areas showed widely separated cross striations 
and prominent longitudinal striations, indicating stretching. The ‘‘A”’ 
dises often showed Hensen’s disc, which is characteristic of fibers under 
tension. Close to the node the striations became very fine and much closer 
together. 

The erinkles and kinks which occurred in the passively retracted fibers 
are shown (Figs. 1 and 3). The term ‘‘crinkle’’ is used to refer to the 
all-over wavy appearance of the fibers, whereas ‘‘kink’’ refers to the tight 
**S”’ twist seen at intervals in some of the fibers (Fig. 3, middle right). It 
could be seen, especially in the higher magnifications, that there was no 
change in the thickness or spacing of the cross striations in these passively 
retracted fibers, the striations merely shifting to follow the twists in the 
fibers. 

Rigor Produced by Cooking Within Three Hours After Slaughter: 
Two types of nodes were produced in the muscle fibers by starting cook- 
ing of roasts before the onset of rigor. One type resembled the normal 
rigor nodes but was less dense (Fig. 5, upper). In the other type (Fig. 
5, lower) the fibers showed irregular areas of condensation and rarefaction 
but the nodes and internodes were less distinct. Some fibers showed the 
erinkles and kinks of passive retraction, as found in normal rigor. 

Breaks in Fibers: Two types of breaks appeared in the stored meat 
fibers—one a sharp fracture, the other a disintegration of the muscle pro- 
toplasm over a fairly long area within the fiber. The disintegrated areas 
had lost both the longitudinal and cross striations, the material remaining 
within the sarcolemma having a granular appearance (Fig. 1, lower left). 

The fractures seemed to occur chiefly in the crinkled or kinked fibers. 
Constrictions are shown along the periphery of some of the crinkled fibers 
(Fig. 6, upper left). The progress of these constrictions to actual cracks 
in the fiber is shown (Fig. 6, upper right). 

The disintegrated areas were observed most frequently in the portions 
of the fiber between two nodes of contracture. The narrowing of such an 
area is shown (Fig. 6, lower left) as well as a similar region where the 
rarefied part had disintegrated (Fig. 6, lower right). The extent of the 
granular area increased with storage, particularly at nine days and beyond. 

The cause of these breaks in the fibers is not known. Two possible 
explanations are the autolytie action of the tissue enzymes and the physical 
stresses on the stretched and twisted fibers engendered by contraction of 
the nodes or by contraction of the connective tissue. 
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Fig. 5. Rigor nodes produced by heat in cooking (longitudinal frozen sections). 
Upper: biceps femoris; zero storage, i.e., cooked within three hours after slaughter of 
the animal (400x). Lower: less dense nodes of vastus; zero storage (800x). 
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CONCLUSIONS 

The conclusions listed below are evaluated in terms of the definite 
limitation that the tests were made on only one animal. Biological varia- 
bility is too great to permit any definite statements concerning an entire 
class, based on only one animal. Within this restriction, the conclusions 
possible from this study follow: 

1. The findings on the changes induced by storage indicated that the 
greatest increase in palatability in small cuts was obtained with a nine-day 
storage period. Further storage led to the development of ‘‘high’’ or 





Fie. 6. The breaks and disintegrated areas appearing with dissolution of rigor 
(longitudinal frozen sections). Upper left: cooked psoas major; zero storage; some 
constrictions are appearing along the periphery of crinkled fibers (180x). Upper right: 
uncooked biceps femoris; nine-day storage; the constrictions have progressed to cracks 
(200x). Lower left: raw vastus; four-day storage; disintegrated area starting between 
two nodes (180x). Lower right: from raw vastus; four-day storage; disintegrated area 
in stretched portion of fiber between two nodes (180x). 

‘‘gamey’’ odors and flavors, and to rancidity of the fat. The handling of 
the fresh beef incident to cutting up the muscles into individual roasts 
before storage of the meat was considered to hasten the appearance and 
dissolution of rigor. Therefore, beef hung as sides or quarters would 
probably require a longer time in storage for the same changes to occur. 

2. Rigor was shown histologically by the formation of dense nodes of 
contracture bordered on either side in the same fiber by areas of extreme 
stretch. Fibers which did not contract were drawn into waves and kinks 
by the shortening produced by the contracted fibers. Normal rigor pro- 
duced denser nodes than those caused by heat from starting cooking of 
the beef before the onset of rigor. 
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The passing of rigor and progress of ripening were indicated by the 
appearance of breaks in the fibers. Sharp fractures usually occurred in 
the passively retracted fibers and granular or disintegrated areas in the 
stretched portions of the fibers adjacent to the rigor nodes. 
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In determining processes for canned foods it is necessary to know the 
heat resistance at various temperatures of the bacterial spores that may 
cause spoilage and the rate at which heat penetrates the product. The 
formulae developed by Ball (1928) for thermal-process calculations can 
be applied when the thermal death-time curve for bacteria approximates 
a straight line on semilogarithmic paper and the major portions of the 
heating curve, generally referred to as the heat-penetration curve, ap- 
proximate one or two straight lines on semilogarithmic paper. The thermal 
death-time curve is established by a well-known technique involving a series 
of small containers containing spore suspensions in the material being 
tested which are heated for various times and at different temperatures. 

Bigelow and Esty (1920), Weiss (1921), Esty and Meyer (1922), and 
Esty and Williams (1924) studied the thermal death time of typical 
thermophilic organisms and Bacillus (Clostridium) botulinus by tech- 
niques involving series of glass tubes containing spore suspensions. These 
workers used oil baths as the heating medium for the tubes and not more 
than 15 seconds were allowed for lag in heat penetration. Townsend et al. 
(1938) studied the thermal death time of putrefactive anaerobes, including 
Clostridium botulinum, in which they used Pyrex tubes and small metal 
cans. They assumed a 0.33-minute lag correction for cans based on the 
work of Richardson (1926), and lag corrections for tubes of 0.73 to 0.93 
minute based on the work of Ball, Merrill, Williams, and Wessel (1937). 
These corrections are of course insignificant when the heating times are 
long but may be significant when the times are in the neighborhood of 10 
minutes or less. Townsend (1939) measured the heat resistance of spore- 
forming anaerobes utilizing a water bath. He allowed a lag correction of 
one minute in his heating times. 

Ball et al. (1937) measured heat penetration in tubes and arrived at 
the following corrections for water, sugar syrups, spinach purée, and pea 
purée in thermal death-time Pyrex tubes: 

A. Tubes held stationary in an oil bath: 

NIE ccic cos icsedeasacarpebes sr tsavaimunsdinaderinenseuineeseeisentes a: | =f 8 
60% Sugar solution 
50% Spinach purée 
Be Oe ised ppssesissccbaccieccasnavenesvacsnuciormnobineclaaeveio’ 3.50 min. 

B. Tubes agitated in an oil bath: The corrected times were approxi- 
mately half of those given under A. 

C., Tubes in a water bath either held stationary or agitated: 


NN ies scalicats dotestha tues devdioneinraanveverocunscevtihaotandecanientaenpniiatwencdskeiss 0.80 min. 
60% Sugar solution 
50% Spinach purée 
SP TN NN ogc ctoas cas rassaet eons snnansoeashanonsccnviavonsies 1.15 min. 
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It is the purpose of this paper to report further work on heat penetra- 
tion in thermal death-time cans and tubes in order that corrections can be 
established more definitely for both cans and tubes. These small contain- 
ers will be referred to by their conventional abbreviation, TDT cans or 
tubes. Terms and nomenclature used in this paper are consistent with 
those used by Ball (1928), Townsend, Esty, and Baselt (1938), Olson and 
Stevens (1939), and others. 
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Fig. 1. 


EXPERIMENTAL PROCEDURE 

Heat Penetration in Pyrex TDT Tubes: The standard TDT tube used 
for these tests had an outside diameter of nine mm. and an inside diameter 
of seven mm. with an over-all length of 125 mm. The open end of the 
tube was flared and seated against a rubber gasket within a brass nut; 
a rubber gasket was also placed above the flare( Figs. 1 and 2). Into the 
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tube was inserted a bakelite rod (0.153 inch in diameter) which was 
grooved to carry the 32 B & S gauge copper and constantan thermo- 
couple wires. The hot junction of the two wires was approximately 3% inch 
beyond the end of the bakelite rod. Near the end of the bakelite rod was 
drilled a hole through which a bakelite centering peg was inserted. The 
remaining part of this assembly consisted of suitable stuffing boxes and a 
thermocouple receptacle. 





ott tn rn ee oe 











Fig. 2. Equipment for obtaining heat penetration in thermal death-time tubes. 


Heat Penetration in Metal TDT Cans: The special thermocouple de- 
signed and constructed for this container and the method of assembly is 
illustrated (Fig. 3). A %g-inch hole was punched into the flat section 
of the bottom of the can and a %,-inch SAE jam nut soldered in place 
over this hole. The thermocouple, shown in detail in Fig. 3, was then 
screwed tightly to the can, using a suitable fiber washer to prevent leak- 
age, and the wires bent in place as illustrated. The can was then ready 
to be filled and closed. For sealing the can it was necessary to build a 
special base support to accommodate the thermocouple attached to the 
ean bottom. When this support was centered on the base plate of the 
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closing machine and the machine adjusted accordingly, the top could be 
easily attached. 

It will be noted that the thermocouple hot junction is not at the geo- 
metrical can center but rather between the side and the center midway 
between the ends. This is because of the dimple placed in the bottom end 
of the can which, being so placed to aid heat penetration, moves the point 
of slowest heating away from the geometrical center to a point at or very 
near the thermocouple hot junction. 

Equipment for Heating Tubes and Cans: All heat-penetration tests 
were made in steam at 121.1°C.(250°F.) in a small retort of about one 


Fig. 3. Equipment for obtaining heat-penetration data in thermal death-time cans 
(208x006). 


gallon capacity which is ordinarily used for thermal death-time studies. 
Steam was drawn from an ordinary three-crate vertical retort which was 
automatically controlled at 250°F. The small retort was equipped with a 
mereury thermometer, two quick-acting valves at top for exhaust and 
vacuum, and three quick-acting valves at the bottom for drainage, steam, 
and cold water. Before admitting steam, 25 inches of vacuum were drawn. 
When steam was admitted through the quick-acting valve, the come-up 
time to 250°F., by thermocouple tests, varied between 15 and 20 seconds. 

Preparation of Foods: The pea purée used in these tests was prepared 
from canned, brine-packed peas which were comminuted in a laboratory 
finisher. In preparation of the purée the brine was included with the 
peas. Canned spinach was used without change except to cut the leaves 
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to fit the small can and add a proportionate amount of brine. The thermo- 
couple hot junction was embedded between leaves of spinach. Unprocessed 
pork luncheon meat was obtained from a local meat packer for tests on 
that product. 

Heating Rate Tests: Some tests were made using one ml. of material 
in the Pyrex tubes which resulted in approximately one inch depth of 
material in the tube. In other tests the depth of material was 314 inches. 
The junctions of these thermocouples were located 5 and % inch, respec- 
tively, from the bottom of the tubes which contained 1 and 314 inches of 
material. The Pyrex tubes were hermetically sealed into the thermocouple 
fitting for these tests. 

In all cases 13 grams of material were weighed into the 214-inch diam- 
eter and %-inch high TDT cans used in these tests. These dimensions are 
over-all measurements. The thermocouple junction was located approxi- 
mately 34-inch from the inside can wall along the central horizontal plane 
of the can. The thickness of material at this point was approximately 
six to seven mm. The can was sealed under 21 to 25 inches of vacuum. 

The thermocouple lead wire passed through a stuffing box in the small 
retort and was connected to the thermocouple receptacle on the sealed 
tube or can. During each test, time and temperature observations were 
made as rapidly as possible in order that several points could be obtained 
for establishing the heat-penetration curve. 


RESULTS AND DISCUSSION 
In presenting the data only the slowest curves which were obtained in 
these tests are given;.a summary of the data and results is given (Tables 
1 and 2). 
TABLE 1 
Pyrex Thermal Death-Time Tubes 








| Calculated 














Heat-penetration correction 

| } factors factor to be 

Run } Product subtracted 
No. | = from 

experimental 

% ; heating time* 
min, | min. 
2-40 TN iossrssatninciodiperies | 66 0.58 0.85 
2-52 | 30% Sugar solution 52 | 1.29 0.85 
2-65 50% Sugar solution 58 1.57 1.00 
2-69 60% Sugar solution 62 1.46 1.05 
2-61 BN NINE dieiacas cenicssshamrnieeneamieemaaunnees 42 1.42 1.20 





1These values are for experimental heating times greater than B” minutes—the time necessary 
to obtain a temperature of 0.1°F. below retort temperature—Ball (1928). They are calculated for 
the normal thermal death-time curve slope of 18°F. 





It will be noted that the results obtained for Pyrex tubes check reason- 
ably well with results obtained by Ball et al. (1937) previously quoted in 
this paper. The correction factors to be applied to TDT cans depend to 
a considerably greater extent on the particular product being tested. 

It was observed that a slower rate of heat penetration was obtained 
when a can containing water was placed on the side or at a 45-degree 
angle with the horizontal than when lying flat. Since the temperature 
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rise in a product heating by rapid convection appears first at the top of 
the can and last at the bottom, the observed heating rate would be faster 
in a ean lying perfectly flat, with the junction centered between the two 
horizontal surfaces of the cans, than in the can placed on its side with the 
junction near the bottom side. Water-correction factors were based on the 
side position, i.e., the position of slowest heat penetration. For a product 
that heats by conduction or slow convection, similar heating rates were 
recorded whether the can was placed on its side or lying flat during the 
heat-penetration tests. This was also the case with the 50- and 60-per cent 
sugar solution and the food products tested. 


TABLE 2 
Metal Thermal Death-Time Cans, 208 x 006 Conventional Dimensions 





_ [ , | Calculated 
| Heat-penetration correction 
| factors factor to be 
Run } Product | subtracted 
No. = | —“ from 
| : | experimental 
% ‘ heating time* 
| = - = = samapesiemensanitas a 
| min min, 
2-B4 | Waitter.....---.ssssooossosossosssessssorseocecoseenscseseeee | 033 | 148 | 0.55 
2-63 | 50% Sugar solution............ccccsssss wees] 0.53 | 1.51 | 0.90 
2-67 | 60% Sugar solution.............ccccccccvvscssees | e768 | 108 | 1.20 
Oe iirc eccentric: 1.01 1.28 | 1.65 
2-58 BPR MINI iiss <cinciccunicenciscetsiuensadeanasdumiediisansl 5 i 1.34 1.90 
2-71 ITE CO DIB sesiisscssevcentsvvecsesesesiinns | 1.27 1.22 1.95 


1 These values are for experimental heating times greater than B” minutes—the time necessary 
to obtain a temperature of 0.1°F. below retort temperature—Ball (1928). They are calculated for 
the normal thermal death-time curve slope of 18°F. 














The slowest heating data for a can filled with 13 grams of product 
have been selected for the purpose of calculating correction factors for 
the lag in the heating of products. Any variation from this filling weight 
may affect the heating rates. 


There is also a slight change in correction value depending upon the 
processing temperature (RT) employed as indicated in the following table: 


TABLE 3 


Effect of Processing Temperature on Correction Values for Thermal 
Death-Time Cans When z = 18°F. and g = 0.1 


110°C, 115.6°C. | 121.1°C. | 126.7°C. | 132.2°C. 


Retort temperature (230°F.) | (240°F.) | (250°F.) | (260°F.) | (270°F.) 
0.54 0.55 0.56 | 0.565 0.57 
1.14 1.16 1.18 | 1.200 1.22 
1.87 1.89 1.92 | 1.950 1.98 


Corrections given in Tables 1 and 2 are for RT = 250°F. to the near- 
est 0.05-minute time interval. However, as seen above, the variations in 
corrected times for RT — 230°F. to RT =— 270°F. fell well within the 
probable error range of the corrections shown for RT = 250°F. The 
corrections, therefore, in Tables 1 and 2 may be applied to experimental 
heating times within the range of 230 to 270°F. The corrections given in 
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Product 


I ccsvesnerscenes | 


50% Sugar 


solution........... 


60% Sugar 


solution........... 


Pea purée........... 


incertae 


50% Sugar 


solution........... 


60% Sugar 


solution........... 


Spinach purée... 


Pea purée.......... 


Pork iuncheon 


TE 


TABLE 


Actual TDT Times’ 


| Exp. | 
| heating |____-__ 
times 7=—14°F. 
min. min, 
1.0 0.80 
1.5 | 0.95 


2.0 | 0.95 
3.0 0.95 


1.0 0.90 
| 15 1.05 

2.0 | 1.05 
| 3.0 1.05 
| 1.0 0.95 
| 41.5 1.10 
| 2.0 1.10 

3.0 1.10 

1.0 0.97 
| 1.5 1.20 
| 2.0 1.30 


3.0 1.30 


| 05 0.48 








1.0 0.60 
15 6| «(0.60 
2.0 0.60 
1.0 0.90 
15 | 0.95 
2.0 | 1.00 
3.0 1.00 
15 | 1.20 
2.0 | 1.30 
3.0 1.30 
1.5 1.40 
2.0 1.65 
| 3.0 1.75 
| 4.0 1.75 
| 2.0 | 1,80 
2.5 | 195 
3.0 -| 2.00 
4.0 | 2.10 
.| 2.0 | 1.80 
3.0 | 2.10 
4.0 | 2.10 
5.0 | 2.10 


reater than those shown the correction factor is obviously 


the same as that shown for the maximum time. 


Corrections to be 
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Corrections for Experimental Heating Times in Steam 





to Give 


Corrected times 

















subtracted 
7—18°F.|Z—22°F.|2—14°F.|Z=—18°F. Z—22°F. 
min. min, : min. | min, i a. 
0.75 0.70 0.20 0.25 0.30 
0.85 0.75 0.55 0.65 | 0.75 
0.85 0.75 1.05 1.15 | 1.25 
0.85 0.75 2.05 2.15 2.25 
0.88 0.85 0.10 0.12 0.15 
1.00 0.95 0.45 0.50 0.55 
1.00 0.95 0.95 1.00 1.05 
1.00 0.95 1.95 2.00 | 2.05 
| 
0.90 0.85 0.05 0.10 0.15 
1.05 1.00 0.40 0.45 0.50 
1.05 1.00 0.90 0.95 1.00 
1.05 1.00 1.90 1.95 2.00 
0.95 0.90 0.03 0.05 0.10 
1.15 1.10 0.30 | 0.35 0.40 
1.20 1.10 0.70 | 0.80 0.90 
1.20 1.10 1.70 1.80 1.90 
0.46 0.45 0.02 | 0.04 0.05 
0.55 0.50 0.40 | 0.45 0.50 
0.55 0.50 0.90 | 0.95 1.00 
0.55 0.50 1.40 | 1.45 1.50 
0.85 0.80 0.10 0.15 0.20 
0.90 0.80 0.55 0.60 0.70 
0.90 0.80 1.00 | 1.10 1.20 
0.90 0.80 2.00 2.10 2.20 
1.15 1.05 0.30 0.35 0.45 
1.20 1.10 0.70 0.80 0.90 
1.20 1.10 1.70 1.80 1.90 
1.35 1.30 0.10 | 0.15 0.20 
1.55 1.45 0.35 | 0.45 | 0.55 
165 | 155 | 125 | 185 | 1.45 
1.65 1.55 2.25 1.35 | 2.45 
1.70 1.60 0.20 0.30 | 0.40 
1.85 1.75 0.55 | 0.65 | 0.75 
1.90 1.80 1.00 | 1.10 | 1.20 
1.90 | 1.80 1.90 | 2.10 2.20 
| 
1.70 1.65 0.20 | 0.30 0.35 
1.95 1.85 0.90 | 1.05 1.15 
195 | 1.85 | 190 | 2.05 | 2.15 
1.95 1.85 290 | 3.05 3.15 
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Table 3 for retort temperatures other than 250°F. were calculated by the 
same method, Ball (1928), using the heat-penetration data shown in 
Table 2 applied to the different retort temperatures. 

The length of experimental heating time (By) may be shorter than the 
heating time (B”) required to heat the product to a temperature 0.1°F. 
below retort temperature. If so, the corrections given in Tables 1 and 2 
do not apply and reference should be made to Table 4. 


TABLE 5 
Results of Thermal Death-Time Tests on Pea Purée Packed in TDT Cans 


| Experimental heating times Corrected heating times 
Process | peal Mer Deala aecin ot aie 
temperature Survival Destruction 


Survival 


Destruction 


*7,. min, in. min. min, 
230 50.0 E 48.1 78.1 
240 19.0 5. 17.1 23.1 
250 4.5 ' 2.6 4.1 
260 2.6 2.$ 0.7 1.0 


The correction factors also vary with different values of the thermal 
death-time curve slope (Z). In Table 4 are given correction factors for 
various heating times and z values of 14 to 22°F. The great majority of 
thermal death-time slopes fall within the range of 14 to 22°F. 

The corrected heating times given in Table 4 were obtained by sub- 
tracting from the experimental heating time the lethal value of the process, 
heating and cooling portions combined, expressed as minutes at retort 
temperature. These lethal values were determined by the method of Ball 
(1928). Because the experimental heating times included the 15 to 20 
seconds required to bring the retort to temperature, the indicated correc- 
tion factors include both the retort lag and the heat-penetration lag. 

From the results given (Table 4) it appears that the heating rate for 
products that heat by convection (water) is slightly faster in the can than 
in the tube. However, as heat transfer changes from a convection to a 
conduction basis the heating rate in the tube becomes faster than in the ean. 
To illustrate the application of these factors, data from a sample thermal 
death-time test are taken as shown (Table 5). 

The microorganism used in these resistance tests was the Cameron 
organism No. 3679, a putrefactive, gas-producing anaerobe classified as 
Clostridium. sporogenes. The concentration per 208 x 006 can was between 
150,000 and 200,000 spores. The pH of product was 5.5. 

When plotting these data on semilogarithmic paper the curves given 
(Fig. 4) were obtained. It will be observed that a straight line on this 
paper fits the corrected points much better than the uncorrected ones. 
It is also apparent that the thermal death-time curve characteristics are 
quite different for the. ‘‘best fit’’ straight lines illustrated. This is shown 
by the following comparison : 

Corrected Uncorrected 
4 7.8 


22.0 
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The error introduced by failure to apply the proper correction factor 
will, of course, vary with the magnitude of the thermal death time. With 
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relatively long times the error would be insignificant. 


Time - minutes 


It has been demonstrated that when making thermal death-time tests 
involving relatively short times, the heat-penetration lag and the retort 
come-up time take up an appreciable percentage of the total thermal death 
time. Correction factors for these lags have been determined for a number 
of products. When the factors are used in correction of come-up and heat- 
penetration lags in thermal death-time studies, lower F and z values are 
obtained than when instantaneous heating and cooling is assumed without 
applying the corrections. 





Experimental 

Heating Times 
z°22 
F*7.8 


240 250 


Temperature - degrees F. 
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Fig. 4. 


SUMMARY 


Corrected 

Heating Times 
z*16 
F*40 
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Honey, by official definition, is the nectar and saccharine exudation 
of plants gathered, modified, and stored in the comb by the honeybee; 
by chemical definition it is a natural, unrefined, concentrated syrup of 
invert sugar having a flavor which is characteristic of its floral source. 
Among its minor components there are, besides mineral matter, organic 
acids, pigments, ascorbic acid, and some seven members of the B-vitamin 
complex, nitrogen-containing compounds. Some of the latter are proteins; 
others are of an amino-acid character reactive with triketohydrindene 
hydrate (ninhydrin). 

Paine, Gertler, and Lothrop (1934) have pointed out that some of these 
foreign substances are in the colloidal state and that they affect certain 
of its properties which are important in the technology of honey production 
and utilization. Frothing, scum-formation, and a caramelization when 
honey is heated are its undesirable characteristics with respect to utiliza- 
tion ; lack of clarity and brilliance of appearance in competition with other 
syrups for the retail trade are pertinent to its production although perhaps 
more significant before the days of sugar rationing than now. 

Lothrop and Gertler (1933) observed that the colloids isolated from 
honey will decompose to an appreciable extent when subjected to tempera- 
tures above 50°C.(122°F.) and that even though the honey itself be treated 
so as to remove practically all of these constituents, it will still be more 
subject to caramelization on heating than is a mixture of dextrose and 
levulose of approximately the same concentration. Amino acids and prob- 
ably also other products of protein hydrolysis, although present in honey 
to the extent of only several thousandths per cent, are suspected of being 
responsible, in part if not wholly, for this phenomenon. The possibility 
of melanoidin formation in the interaction of its reducing sugars and 
amino acids is not mere speculation. Little or no evidence exists to show 
that melanoids are present in fresh honey. 

That the amino-acid content of a honey is affected by time and process- 
ing and storage temperatures has been found by Lynn, Englis, and Milum 
(1936) to be true with respect to a sample of sweet clover honey. This 
conclusion is not necessarily pertinent, however, to honeys of all the color 
grades in which this product appears on the market. 








* Presented before the Division of Agricultural and Food Chemistry at the 106th 
meeting of the American Chemical Society, Pittsburgh, Pa., Sept. 6 to 10, 1944. 

? Constructed from a thesis submitted by Clayton L. Baldwin, Jr., to the faculty of 
the Graduate School of the University of Wisconsin in partial fulfillment of the require- 
ments for the degree of Master of Arts, June, 1939. 
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An interest in the existence of a probable relationship between degree 
of pigmentation of honey and the content of its minor, nonsugar constitu- 
ents having been an object of research in this laboratory for some years, 
it seemed worth while to include in such a study the amino acids. Added 
interest in this survey lay in the fact that Lothrop and Gertler (1933), 
examining 10 honeys from which the colloids had been removed, had ob- 
served that ‘‘in a general way’’ a correlation existed between the amount 
of amino nitrogen in the honey, determined with the aid of the nynhydrin 
reaction as adapted by them to the peculiar conditions existing therein, 
and its tendency to caramelize on heating. 

There were at hand 37 representatives of the whole gamut of color 
classification which is used in the merchandising of honey—Sechrist (1925) 

-from the so-called water-white to dark. With few exceptions, and these 

were bottled blends for the retail trade, they had been obtained from the 
growers themselves in Arkansas, California, Florida, Georgia, Illinois, 
Minnesota, New York, Ohio, Texas, Virginia, West Virginia, Wisconsin, 
and the Hawaiian Islands. Ineluded herein were honeys whose known 
predominant floral sources were, respectively, alfalfa, algarroba, blue-curls, 
buekwheat, several varieties of clover, cotton blossom, gallberry, holly 
blossom, horsemint, mesquite, orange blossom, pepper bush, sage, spike- 
weed, tamarisk, and wild flowers. 





EXPERIMENTAL PROCEDURE 

In the light of the experience of others the choice of analytical methods 
appeared to lie on the one hand in the gasometric, using a modified micro- 
Van Slyke apparatus as did Lynn et al. (1936), and, on the other, in the 
colorimetric. The latter traces its origin to the researches of Ruhemann 
(1910 a, b) on eyelie triketones, its appraisal as a sensitive reaction to the 
investigations of Riffart (1922), and its adaptation to sugar products to 
Ambler (1927) and to honey, specifically, to Lothrop and Gertler (1933). 
Our preference was for the nynhydrin procedure, tsing bentonite—Lo- 
throp and Paine (1931)—to remove proteins, Neuberg and Kerb (1912) 
reagent to precipitate the amino acids, and hydrogen sulfide to regener- 
ate them as a prelude to the formation of the characteristic violet-colored 
complex, its purification in turn being based on the suggestions of Polonov- 
ski and Moreno-Martin (1935). In general, with some modification, the 
experimental technique of Lothrop and Gertler (1933) was used. 

To a 60-gram sample of honey in a 250-ml. Erlenmeyer flask there are 
added seven ml. of a five-per cent suspension of bentonite and 43 ml. of 
water. The flask is stoppered, shaken vigorously, allowed to stand over- 
night to insure complete flocculation, and then filtered into a wide-mouthed 
flask, due precautions being taken to prevent evaporation losses. 

Exactly 40 gm. of this protein-free honey solution, containing 21.8 gm. 
of the original honey, are weighed into a 400-ml. beaker and then mixed 
with 200 ml. of 95-per cent aleohol. While the whole is being stirred, 1 
NV sodium carbonate solution is added from buret until the system becomes 
slightly basie toward bromthymol blue solution used on a spot plate. 
Then, alternately, one-ml. portions of freshly prepared 1 N mereurie 
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acetate solution and the same sodium carbonate solution are added until 
the mixture has assumed a distinctly yellow or orange color, a slightly 
alkaline reaction being desirable. Beaker and contents are then let stand 
overnight, after which the supernatant liquid is poured off and the pre- 
cipitated mercury compounds transferred to a tube for centrifugal separa- 
tion and washing with 80-per cent alcohol solution, the supernatant liquid 
being discarded after each treatment. Four or five 20-ml. portions of 
alcohol are usually sufficient for the removal of practically all the sugars. 


The washed precipitate is then suspended in a test tube in 40 to 50 ml. 
of water to which four to five drops of concentrated hydrochloric acid are 
added. The tube is immersed in a boiling-water bath, and hydrogen sul- 
fide vigorously passed in for 10 minutes, the tube being occasionally shaken 
in order to keep its contents in suspension. After the precipitated sulfides 
have settled, the contents of the tube are filtered, precipitate and filter 
paper being washed with dilute hydrochloric acid solution. Filtrate and 
washings are evaporated in a beaker to a volume of about 15 ml., two drops 
of phenolphthalein solution are added, and then dilute sodium hydroxide 
solution is added dropwise until the whole is faintly alkaline. Finally, very 
dilute hydrochloric acid is added just to the disappearance of the color. 
The solution, after having been made up to a volume of 25 ml., is ready 
for the nynhydrin test. 

In earrying out this reaction one ml. of the above solution, two ml. 
of a freshly mixed buffer solution consisting of three parts M/15 Na,HPO, 
and two parts M/15 KH,PO,, and one ml. of nynhydrin test solution (one 
per cent) are mixed in a test tube. One-ml. portions of the standards are 
treated likewise. All are heated in a constant-level, boiling-water bath for 
one-half hour, removed, and allowed to cool. The contents are quanti- 
tatively transferred to a 100-ml. volumetric flask, the total volume of 
water used being approximately 70 ml. To this solution 10 ml. of chloro- 
form are added. The whole is then acidified by the addition of 10 to 15 
drops of glacial acetic acid and vigorously shaken. The colored chloroform 
layer should be protected as much as possible from light because of its 
instability. The aqueous layer is poured off, 75 ml. of fresh water con- 
taining one drop of glacial acetic acid per 10 ml. added, and the whole 
shaken. The chloroform solution of the violet-colored complex is washed 
thus three times. Finally it is shaken with 70 to 80 ml. of 0.01 N sodium 
hydroxide solution whereupon the color returns to the aqueous layer. The 
solution is then made up to the mark and compared in a colorimeter with 
a standard similarly treated, which is prepared from a stock solution of 
aspartic acid containing 100 mg. of nitrogen per liter. 

In carrying out the analyses in question, standards were prepared by 
adding three, five, eight, and 10 ml. of the stock aspartie acid solution to 
15-ml. portions of a 70-per cent invert sugar solution. Alcohol was added 
to each standard, after which it was given the same mereury precipitation 
and subsequent treatment as the unknown solution. The final violet colora- 
tion resulting from the treatment with the 0.01 N sodium hydroxide solu- 
tion is quite stable. It was not found necessary to make new standards 
for every series of analyses. 
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7 TABLE 1 
, Amino-Nitrogen Content of Light Honeys 
d | | Color grade Amino- 
: Predominant floral source Origin ; - ee | nitrogen 
a | | Pfund scale | Description content 
L- =, a pet. 
(l sist nckpiiitnnecsiiciaioias Hawaii 0.3 | Water-white .0014 
f IE I iisccivetscasinincseicnceees Wisconsin 0.6 | Water-white .0069 
7 Pe  iivinlediccsncscsasciatnsicts California | 0.7 Water-white .0008 
II itis doce ccentncivniacnscnvasitenenaeos Ohio 1.3 | Extra white .0098 
I. Orange blossom.................0c00006 California 1.5 Extra white .0015 
e i Wisconsin | 1.8 White .0017 
a CR LET Wisconsin | is White 0024 
" Sai ciischisideelaeeieistadaenientapanaed | West Virginia | 2.4 White .0056 
; ED iicniiandnimntncmnciininente | California 2.7 White .0041 
° ME NEE | Georgia 2.9 White .0019 
r arise tstiiecsidugtekaweneaienriaian Wisconsin 3. White 0075 
d Be isesibtarsiscncicctanscevinasees Illinois 3.9 Extra light amber | .0021 
s BD icrishcencesncseintsenvenvsseeas California 4.0 | Extralightamber | .0024 
ee ives sisevnciennvssnteosieces Virginia 4.0 | Extra light amber .0021 
ad RR icacionncvoicnivrcisecceicetieeintons Florida 4.5 Extra light amber | .0009 
y II olcsncecscsccccsspivenssneces Texas | 4.7 Extra light amber .0032 
y Ne, (eee rrr er ee .0034 
. 
s TABLE 2 
e Amino-Nitrogen Content of Dark Honeys 
° Color | Amino- 
r Predominant floral source Origin |- — —| nitrogen 
| Pfund scale Description | content 
, pet. 
SIR ci iniciicscisoibennaiine Minnesota 4.9 | Light amber .0021 
a i ccsassticiechauyapusenieneenans Florida 5.0 } Light amber .0026 
_) I ictitcktesuchateinciiaceaconnaien California 5.5 Light amber .0030 
n CE WR i sescsiseceicncaccenns Texas 5.7 Light amber .0020 
5 Sage, buckwheat.................... California 5.8 Light amber .0013 
a ERC Tllinois 5.8 Light amber .0028 
¥ IN a iiisaiectuctscocenamaietnel Ilinois 5.8 Light amber | .0011 
ee Arkansas } 6.0 Light amber .0044 
1 Se iairteiieeehinpcertiniceaniianen California 6.4 Light amber | 0042 
" Cotton DIOSSOM...........0000eee0ee | Georgia 6.6 Light amber | .0061 
. PIII, sis ccciachvanicasacnniaban eiteietd California 6.6 Light amber | .0053 
PR icssciccercsscvess Georgia 6.7 Light amber .0039 
n Mexican clover Georgia 7.8 | Light amber .0022 
f Alfalfa, sweet clover California 8.0 Light amber .0056 
PII WI sccccsccccretsacsevereseivs | Georgia 8.2 Light amber | .0009 
: Re icinicemcnenniins California 8.7 Amber .0020 
NR iciticicssicinsicnarndcivtense Wisconsin 8.7 Amber | .0034 
D Spikeweed California 9.0 Amber | 0059 
1 ERE Sennen ee Georgia 10.5 | Amber | .0061 
” Buckwheat Wisconsin 11.3 Amber | .0375 
‘ Buckwheat New York 14.2 } Dark | .0200 
ERATE LEO a ee ee | 0058 
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RESULTS AND DISCUSSION 
Data for each of the samples analyzed (Tables 1 and 2) during the 
course of this survey have been made a part of this record, although pri- 
marily the center of interest was the degree of pigmentation rather than 
the floral souree of the honey. This emphasis is consistent with current 
merchandising practices, for no requirement in this respect is made in 
the United States for grades of honey except that covered by the phrase 
‘‘freedom from damage caused by objectionable flavor.’’ According to its 
position on the Pfund seale—Sechrist (1925)—each honey was assigned 
to a “‘light’’ or ‘‘dark’’ classification as typifying, in a qualitative sense, 
the most obvious differences in pigmentation. The effect of this segregation 
was assignment of those grading water-white, extra white, white, and extra 
light amber to the first group; light amber, amber, and dark to the other 
(Table 3). 
TABLE 3 
Amino-Nitrogen Content of Light and Dark Honeys 











Amino- 
Classification Samples nitrogen 
content 
Light honeys pet. 
RI ushicaa ects snsds usd gla pene aecedacenioanrocedonceuasGae 3 .0030 
BIN acdsiscaj ccoesnds dosusctankintokucnccctsenenesiiooebnahsdbeniouciouns 2 0057 
6 -0038 
5 .0021 
I apacvasssusecnsvonicceaceserivaacesruunevciresienstuensousetaxousv’ | sols .0034 
Dark honeys 
IN agian ccnccsuseesuibnas suck casenisuntccssestecedseseeenaios 15 .0031 
IER suens cates sesnacotogii<exinasassmeneeweeseseed hogtied vaainasreoniiondren § .0110 
BURNS rer ene oer oan ESO en NE Re DOR PC RR EE Te 1 .0200 
NINN <i castsessausa cou dadsicaunpasaneineapneusnecotenintorsinioies poe -0058 


In interpreting the values found for nitrogen owing to amino acids and 
related compounds by the nynhydrin test, it should be borne in mind that 
only a portion of the noncolloidal, nitrogenous constituents of honey are in 
a form simple enough to give the characteristic reaction. The formation of 
the violet-colored complex depends on the group R-CH-NH,-COOH, but 
substances more complex than this produce a coloration also. Fortunately, 
the proportion of nitrogen-containing compounds, other than the simple 
amino acids in honey, is deemed to be very small; hence the error, if any, 
from this source is not large. Finally, the exact tint of the color developed 
varies, depending on the particular amino acids present. However, after 
the chloroform-purification treatment it was found possible to match very 
well all ‘‘unknowns’’ with the aspartie acid-containing standards. The 
data have informative, qualitative values. 


SUMMARY 


Amino acids and other ninhydrin-reactive compounds are minor eom- 
ponents of honey. In the analysis of 16 light and 21 dark samples from 
three crops, representing approximately 20 floral types and all the eom- 
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mercial color grades, the following values were found: maximum 0.0375 
per cent; minimum 0.0008 per cent; average, 0.00476 per cent. Degree of 
pigmentation is apparently a factor here, for the dark honeys were found 
to contain more of these compounds than did the light ones. 
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The preservation of fresh fish by fast-freezing is an industry which is 
undergoing logical development because of certain advantages which it 
affords. It offers speed and economy, and the characteristics of content of 
flavor and vitamin are retained. It was decided to investigate the effect 
of fast-freezing upon the bacterial flora of mackerel, which is one of the 
important fish for food of the California coast and which is available 
regularly. Numerous examinations of the flora of fish from marine waters 
have been made previously and they have yielded comparable results; 
nevertheless, in a problem of this nature it was necessary to acquire data 
regarding the nature and amount of the bacterial flora of this particular 
variety of fish in this locality in order to determine the effect of freezing 
upon its microorganic content. 


WORK OF PREVIOUS INVESTIGATORS 


Hunter (1920b) determined that the flora of decomposing salmon was 
the same as that of sea water and described it as consisting of soil, water, 
and sewage microorganisms. Reed and Spence (1929), in their study of 
intestinal and slime flora of haddock, reported the presence of Proteus, 
Pseudomonas, Achromobacter, Flavobacterium, and Bacillus in both in- 
testinal contents and slime. Micrococcus was reported chiefly from slime, 
while colon forms—Escherichia, Salmonella, Aerobacter, and Eberthella— 
were demonstrated only in the intestine. 

Sanborn (1930) studied the bacterial decomposition of fresh, smoked, 
and iced fish and reported thet marine bacteria were constantly in or on 
fresh fish and on smoked and frozen fish. They were active even at low 
temperatures ; most of them were proteolytic and a few were putrefactive. 
Smoked fish were attacked by Torula, Penicillium, and Achromobacter, 
while the iced fillets were invaded by Proteus, Eberthella, Micrococcus, and 
Cheatostylum, all strains of which withstood —18 to —23°C.(—0.4 to 
—9.4°F.) for months. Bedford (1933a), in his survey relating to preser- 
vation of fish, reported the following genera of bacteria to be present: 
Achromobacter, Flavobacterium, Serratia, Micrococcus, and Rhodococcus. 
The quantities on the surface of the fish were smaller than those found in 
the sea in the vicinty, while the numbers in the alimentary canal of a fish 
depended upon its feeding habits; bottom feeders contained larger num- 
bers than did others. Wood (1939) reported the isolation of Micrococcus, 
Flavobacterium, Achromobacter, Pseudomonas, and Bacillus from fish 
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taken from eastern Australian waters. The flora of the slime and gut was 
the same as that of the spoiling muscle. The bacteria of the external en- 
vironment between the time of catch and consumption were identical with 
those of the fish. Wood established a generic succession in the flora of 
spoilage. 

In a comprehensive survey of the bacterial flora of North Pacific salmon 
Snow and Beard (1939) were able to classify into 15 genera 1,838 strains 
of microorganisms isolated. (Yeasts were not considered.) These included 
Achromobacter, Micrococcus, Pseudomonas, Kurthia, Flavobacterium, and 
Proteus, which appeared consistently from all sources, as well as Sarcina, 
Rhodococcus, Lactobacillus, Bacillus, Serratia, Staphylococcus, Strepto- 
coccus, Aerobacter, and Escherichia, which were encountered less fre- 
quently. No evidence of the presence of obligate anaerobes was obtained. 

The problem as to whether fish have a typical intestinal flora has been 
given attention. As early as 1904 Johnson performed experiments which 
led him to conclude that Escherichia coli commune was not a natural 
inhabitant of the intestine of fish but that it was taken up during feeding. 
Browne (1917) determined the presence of E. coli and Clostridium welchii 
in scup from unpolluted waters but it is to be remembered that scup are 
bottom feeders. Hunter in 1920 failed to isolate EZ. coli from salmon but 
Gibbons (1934) found lactose fermenters in nearly all off-shore mackerel. 
It is generally considered, however, that EF. coli does not occur normally 
in the intestines of fish other than in those which are in or which have been 
feeding in polluted water. 

Early workers believed that the flesh of freshly caught, live fish was 
sterile. Hunter (1920a), in a study of decomposition of salmon, reported 
that the muscles of freshly taken fish were free of microorganisms but 
that subsequent infection took place rapidly. He also pointed out that 
washed fish decomposed more slowly than did those unwashed. Moreover, 
work showed that the digestive tract of the fasting salmon, i.e., salmon on 
the way to its spawning grounds, was sterile and he cited the research 
of Obst (1919) with sardines which yielded a similar outcome. He sug- 
gested that since the blood did not coagulate completely, the various organs 
of a fish were infected through the blood stream within 96 hours after 
its death. 

Procter and Nickerson (1935) studied the muscle of haddock frozen 
solid by use of carbon dioxide within one hour of removal from water. 
Cultures from the muscle and others prepared from the blood of the live 
fish were negative. The work of Gee (1927) was not in agreement with 
these authors inasmuch as he reported the recovery of viable bacteria from 
the muscles of dog fish and cod but he found none in other species examined 
inclusive of flounder, alewives, mackerel, silver and squirrel hake, and 
pollock. Trap netting furnished a higher proportion of sterile fish than did 
other methods of capture. 

The bacterial discoloration of fish has been studied by Bedford (1933b), 
who was able to produce the characteristic alteration experimentally in 
halibut by use of Pseudomonas fluorescens. The organisms grew at a tem- 
perature as low as —5°C.(23°F.). Harrison and Sadler (1929) had shown 
previously that the organisms were not on the fish when caught nor were 
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they demonstrable in the sea, but they were present in artificial ice and in 
the bilges and holds of ships. . 

The bacterial count in muscles of edible fish may be high. Stansby and 
Griffiths (1934) stated that counts of more than 10° organisms per gram 
of fish indicate that spoilage will be rapid and they decided that fish with 
more than 10° bacteria per gram were not marketable. 


EXPERIMENTAL PROCEDURE 

Qualitative: The fish to be examined were brought to the laboratory 
from the local markets or directly from the fishing boats and were packed 
in ice until time for testing. They were weighed, measured, and examined 
for external signs of decomposition. Then the skin over the back muscles, 
posterior to the pectoral fin, was seared with a hot spatula and a sterile 
wire loop was passed into underlying tissue. The sample was streaked to a 
fish infusion agar plate. This fish infusion made from whole mackerel in- 
eluded 1.5 per cent of sodium chloride and its final pH was 7.4 to 7.6. 

After making preparations from the muscle, the fish was opened asep- 
tically and the liver and heart blood were cultured. The body was then 
examined for internal signs of spoilage and for parasites. The digestive 
system was opened and samples of content of intestine and stomach were 
likewise streaked to the fish infusion agar plates. The reason for this 
method of inoculation was twofold: first, it was determined that the bae- 
terial content of the intestine was sufficiently small so that one plate only 
was required, and second, it was observed that more diverse and copious 
growth appeared on streaked plates than upon those which were prepared 
by inoculating the organisms into melted, cooled agar. Even though the 
agar was cooled to 40°C.(104°F.) before seeding and pouring, growth was 
less than that obtained by streaking. This finding is in agreement with 
the work of ZoBell and Conn (1940) on the thermal sensitivity of marine 
bacteria in which these authors showed that only 20 per cent of marine 
organisms in sea water or mud would withstand heating to 40°C. for 10 
minutes. The cultures were all incubated at room temperature for a 
minimum of four days. 

When good growth had developed on the plates, it was studied; rep- 
resentative colonies were picked, they were purified by restreaking and 
then were transferred to fish infusion agar slants. 

Ordinary differential media, without added salt, were used, since it 
was found that most of the cultures would multiply on them. The result- 
ing growth often was not very heavy and this was especially true in the 
ease of the tryptone broth which was utilized to test for production of 
indol. The formulae employed for examination of the cultures were the 
following: glucose fermentation tubes, nitrate broth, litmus milk, lead 
acetate agar, and gelatin. In addition to these, certain ones of the cultures 
were placed in contact with lactose, maltose, sucrose, xylose, salicin, and 
mannitol but these carbohydrates were not routinely used inasmuch as 
the organisms concerned in many cases do not ferment them. The cultures 
in differential media were incubated at room temperature for six days 
before examination but those in litmus milk, gelatin, and lead acetate were 
incubated for at least 12 days before they were discarded because changes 
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in these preparations were observed frequently to appear later than the 
sixth day. 

All cultures which had been isolated from mackerel were inoculated 
later into sea water-tryptone broth and incubated for seven days at room 
temperature. They were then tested for indol by the method of Ehrlich. 
Control cultures known to produce indol were tested at the same time in 
the same batch of medium, but although the controls yielded positive tests 
for indol, none of the cultures from the mackerel produced this cleavage 
product. Wood (1939) also commented on the infrequency of indol-pro- 
ducing microorganisms in fish, while Hunter (1920a,b), on the other hand, 
used only indol producers or organisms producing a foul odor in fish broth 
in his studies on the decomposition of salmon. Snow and Beard (1939) 
reported the formation of indol by many of the cultures isolated by them. 
(. E. ZoBell (personal communication), however, stated that only two of 
more than 70 eultures of marine bacteria characterized in his laboratory 
formed this by-product. 

No attempt at identification of species was made, but on the basis of the 
nature of the activity appearing on the differential media, the gram stains, 
morphology of colony, and determination of motility the following genera 
were identified: Micrococcus, Sarcina, Streptococcus, Pseudomonas, Flavo- 
bacterium, Lactobacillus, Kurthia, and Escherichia. The remainder of the 
group would probably fall into the heterogeneous family, Bacteriaceae, 
Bergey (1939). These last were mainly Achromobacter. The Achromobac- 
ter were those most frequently present but the Micrococci were demon- 
strable in numbers nearly as large. It is a little surprising, in view of 
the statements of other workers, that Pseudomonas and Flavobacterium 
appeared more rarely. 

In addition to the above, two strains of Actinomyces and one Asper- 
gillus were isolated. They were, however, representatives of colonies which 
did not oceur regularly on the plates. Only two strains of agar-digesting 
bacteria were recognized. 

Anaerobic cultures of the intestinal contents of 12 fish were set up in 
fish fusion agar by use of the Spray technic (1930) but no obligate 
anaerobes were demonstrated. This is in agreement with the observations 
of Hunter (1922) and of Snow and Beard (1939) who likewise failed to 
demonstrate obligate anaerobes. 

The absence of sporeformers is notable. This finding is in direct con- 
trast to the work of Gee (1927) and of Reed and Spence (1929). Snow 
and Beard (1939) also reported Bacilli as being common although not 
among the six genera most usually encountered. 

The cultures from the stomach and intestinal contents all gave positive 
growth but the numbers varied from a few colonies to many. Of the other 
attempts to culture, 20.6 per cent of those made from the back muscles, 
26.5 per cent of those from liver, and 41.2 per cent of the preparations 
from the heart blood showed growth. This suggests that contamination of 
the tissues of the fish may come about through the blood stream, either at 
the time of death or soon thereafter, and is in accord with that opinion 
by Hunter (1920a,b). 
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Quantitative: The technique of sampling the muscle of the fish for 
quantitative examination was as follows: The skin posterior to the pectoral 
fin was seared and removed aseptically. A sample of the exposed tissue 
beneath, weighing between three and four grams, was removed and placed 
in a sterile, tared bottle with glass beads. The bottle and sample were 
weighed and sterile sea water added to equal a dilution of 1 to 10. The 
muscle was then fragmented by means of vigorous shaking. Duplicate 
dilutions of 10-? and 10-* were made in sterile sea water and plated in 
triplicate upon fish infusion agar. The intestines were sampled by squeez- 
ing some of the contents into a sterile, tared bottle, after which the pro- 
cedure was the same as that utilized for the muscle. All plates were 
incubated for six days at 21 to 25°C.(69.8 to 77°F.) before counting. 


TABLE 1 
Bacterial Content of Muscle and of Intestinal Contents of Mackerel 











. Bacteria 
a P Bacteria per gram of 
Fish No. } per gram intestinal 


of muscle contents 





70 60,000,000 
15,800 64,000,000 
None 
None 
None 
3,600 
50 

130 
30,000 
320 
390 
None 
650 
7,350 
160 
40° 
1,285 
1,940 
50° 

235 

21 175 
Se wees 540 


1 Based on counts of less than 30 colonies. 
































The results of examinations of the muscle of the fish (Table 1) are the 
averages of plates which developed from 30 to 300 colonies each unless 
designated otherwise. It is demonstrated that usually the flesh of fish was 
not sterile although its count was well within the limit set by Birdseye 
(1929), Griffiths and Stansby (1934), and Griffiths (1937) for marketable 
material. It is to be noted that the content seldom exceeds a thousand 
bacteria per gram of back muscle. Kiser and Beckwith (1942) showed, 
however, that in similar fish the count in the muscle of the flank might 
be as high as 5,000 per gram. This is in agreement with the work of 
Birdseye (1929), who has stated that the count of the back muscle of 
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some fish may be less than 100 per gram but the same fish may contain 
as many as 10° bacteria per gram in its flanks. The bacterial content of 
the intestine ranged from less than 100 to more than 10° bacteria per 
gram. 

A second series was prepared in which the dilutions were plated on 
fish infusion agar and on a formula suggested by ZoBell (1941), which 
is a sea-water medium containing no added source of growth stimulants, 
such as beef or yeast extract. The number of fish included in the results 
of the second series (Table 2) is small but it is definitely indicated that 


TABLE 2 
Comparison of Media Used for Isolation 








Bacteria per gram Bacteria per gram of 
of muscle intestinal contents 
Fish No. - — a 
Fish 
ZoBell's infusion 





: Fish 
ZoBell’s infusion 


20 10 
70 0 
0 


0 
3,000 300,000 300,000 
None 1,000,000 300,000 








ZoBell’s medium is superior to the fish infusion agar for isolating the 
organisms from fish. 
SUMMARY 

The bacterial flora of 34 mackerel was examined qualitatively. The 
heart, liver, muscles of the back, and contents of stomach and intestine 
were sampled. The cultures derived showed that the organisms prepon- 
derantly present were Micrococcus, Achromobacter, Pseudomonas, Flavo- 
bacterium, Sarcina, Kurthia, Lactobacillus, and Streptococcus. One strain 
of Escherichia was encountered. 

Quantitative examination of back muscle and of intestinal contents 
showed fewer than a thousand bacteria per gram of muscle in most in- 
stanees but the intestinal microorganie content was occasionally of the 
order of 10° per gram. 

It was shown that a relatively simple formula based on the use of 
sea water was superior to fish infusion agar as a medium for the quanti- 
tative bacteriological examination of fish. 
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The work herein described was undertaken in connection with a study 
of the effect of fast-freezing upon the bacterial flora of mackerel. The 
purpose of the experiments was to ascertain the effects of the low tem- 
peratures used in the process upon the characteristics of growth of these 
bacteria which represent a major portion of the bacterial flora of the fish. 


RELATIONSHIP BETWEEN GROWTH OF BACTERIAL FLORA OF 
MACKEREL AND A RANGE OF TEMPERATURE 


Numerous studies have indicated that the range of temperature neces- 
sary for the growth of marine forms is lower than is that of most other 
varieties of bacteria, but it is known that certain nonmarine organisms 
may grow at temperatures near 0°C.*—Prescott and Bates (1931); Pres- 
cott, Bates, and Needles (1931) ; Prescott, Hale, and White (1931) ; Barber 
(1908) ; and Berry (1934). 

ZoBell and Feltham (1935), in discussing the occurrence and activity 
of urea-splitting bacteria in the sea, stated that some of them grew at 
—4°. ZoBell (1938) reported that most of the organisms from marine 
bottom sediments studied by him would proliferate at 0° but that their 
optimum was of the order of 20° in spite of the fact that they were isolated 
from regions where the temperature of the overlying water was always <5°. 
' The same author (1934) reviewed microbiological activities at low tem- 
peratures with particular reference to marine bacteria. 

Studies on the bacterial flora of fish have consistently shown that the 
organisms found in and on fish are able to multiply at low temperatures. 
Harrison and Sadler (1929), in their study of the discoloration of halibut, 
noted that the Pseudomonas fluorescens which caused the greenish dis- 
coloration on the bellies of halibut, grew well at 1.5 to 5°. Gibbons (1933), 
in studying the slime and intestinal flora of some fishes, used incubation 
temperatures of 20, 10, and 3° for his mixed cultures before isolation. 
Growth and pigment formation of Pseudomonas fluorescens and Flavo- 
bacterium deciduosum were obtained by Hess (1934a) at 0, —3, and —6.5°. 
A most extensive study of the range of temperature required for the growth 
of marine bacteria is that of Bedford (1933) in which it was demonstrated 
that nearly all of the cultures isolated from sea water were able to multiply 
at 0° and that some were able to grow at —7.5° although the optimum was 


1 This work was aided by an Ellen Browning Scripps Fellowship. 
* Present address: Lederle Laboratories, Pearl River, N. Y. 
* All temperatures refer to Centigrade scale. 
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usually 20 to 25°. Some of these organisms had an optimum temperature 
of 37° and were able to proliferate at 45°. 


EXPERIMENTAL PROCEDURE 


Triplicate cultures of 56 strains of bacteria isolated from mackerel 
were made on ZoBell’s agar (1941), and incubated at 20 to 23°, at 7 to 8°, 
and at 0°. They were examined macroscopically for growth after six days’ 
incubation. All the experiments were confirmed repeatedly. 

Eight strains, or 14.4 per cent, failed to show growth macroscopically 
in six days at 7 to 8°. Of 46 strains incubated at 0° 10.9 per cent, or five, 
failed to multiply in six days. These 46 did not include any of those which 
failed to proliferate at 7°. Seventeen, or 39.5 per cent, of a series of 43 
cultures incubated at 37° failed to grow in six days, and further incuba- 
tion at room temperature revealed that they had been killed by this tem- 
perature. Sixteen strains chosen from those which grew readily at 0° were 
tested for their ability to multiply at —4° and all gave positive results. 

In view of the fact that six days is a short time for incubation for this 
low range, it is evident that these organisms are unexpectedly active at 
these lower temperatures. 


EFFECT OF LOW TEMPERATURES OF INCUBATION UPON BIOCHEMICAL 
ACTIVITIES OF SO:‘E MARINE BACTERIA 


These experiments were undertaken to determine whether a decrease 
in the temperature of incubation of a culture of marine organisms would 
result in the depression or loss of any of its biochemical activities, i.e., 
whether one or more sets of enzymatic mechanisms would cease to fune- 
tion. The literature dealing with this question is limited. Hess (1934a) 
determined the cultural characteristics of Pseudomonas fluorescens, Flavo- 
bacterium decidwosum, and an unidentified species of Achromobacter and 
reported that most of the reactions of these organisms were retained even 
at —3° but that at —6.5° many of the activities could no longer be 
observed although motility and formation of pigment still were retained. 
Snow and Beard (1939) pointed out that 35 per cent of the strains tested 
by them for lipolysis at 6.5° were positive in six days but they stated that 
this result indicated a somewhat greater lipolytic ability than power to 
produce hydrogen sulfide at that temperature. ° 


EXPERIMENTAL PROCEDURE 


Fifteen strains of organisms isolated from mackerel were tested for 
growth at 20 to 25°, at 7 to 8°, and at —3 to —5° on ZoBell’s agar. These 
included one of Escherichia, two of Micrococcus, two of Sarcina, one of 
Streptococcus, one of Pseudomonas, and eight of Achromobacter. Tripli- 
eate cultures of each organism were made in litmus milk, gelatin, nitrate 
broth made with sea water, cobalt-nickel agar, and glucose fermentation 
tubes. One series was incubated at each temperature indicated above. The 
results were confirmed by repeated series. The cultures at the highest 
temperature were incubated for two weeks, those at 7° for a month, and 
those at —4° for two months; results are summarized (Table 1). 
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In a number of instances at the lowest temperature growth failed to 
appear in the nitrate broth, on cobalt-nickel agar, and in four instances 
in the gelatin. However, all these strains thrived at —4° on sea-water 
agar. Strain 12-4 grew in gelatin at all temperatures but failed to hydro- 
lyze it at 7°. All of the strains failed to produce hydrogen sulfide at —4° 
in the cobalt-nickel agar although certain ones of the series did evolve 
this by-product at higher temperatures. This result is similar to that 
obtained by Snow and Beard (1939). 

From these results it is to be concluded that growth may not occur in 
a suboptimal medium at a temperature near the minimum for a given 
strain and that if growth does occur, not all of the varieties of physio- 
logical activities which characterize the strain at the optimum temperature 
may operate. 


A STUDY OF THE GROWTH CYCLE OF A SPECIES OF ACHROMOBACTER 
AT LOW TEMPERATURES 


Investigations regarding the rate of growth of bacteria are almost as 
old as is bacteriology itself. Buchner, Longard, and Riedlin (1887) re- 
ported concerning this subject when they calculated the generation time 
for the cholera bacillus. Max Miiller (1895, 1903) presented a sound 
basis for further work when he demonstrated the lag phase, the effect 
of temperature on rate of growth, and the importance of the age of the 
inoculum. 


Lane-Claypon (1909) divided the life cycle of a bacterial culture into 
four phases when she described the lag, the logarithmic increase, the period 
of stationary numbers, and a sector of decreasing viable population. She 
also studied the variation in rate of proliferation with modulation of tem- 
perature from 20 to 42° and determined the temperature coefficients of 
growth for E. coli, E. typhosa, and S. enteritidis. This work was further 
elaborated by Penfold (1914) and Ledingham and Penfold (1914) who 
made an exhaustive study of the lag phase and subjected their experiments 
to mathematical analysis. Sherman and Albus (1923, 1924) and Sherman 
and Cameron (1934) studied the effect of adverse influences, such as cold 
and chemicals, upon E. coli in different sectors of the culture cycle and 
proved that the organisms were most susceptible during the phase of loga- 
rithmic increase. Sherman and Naylor (1942) demonstrated that it is 
possible for the bacteria to pass through the physiological changes described 
for each phase of the culture cycle without a corresponding alteration in 
numbers. Hess (1934b) showed that marine organisms are much better 
adapted to growth at lower temperatures than are others more frequently 
- studied. A summary of the literature dealing with the earlier phases of 
the cycle of a bacterial culture is contained in the review by Winslow 
and Walker (1939). 


EXPERIMENTAL PROCEDURE 


Methods: The organism used in these experiments was an actively pro- 
teolytic Achromobacter sp. which had been frequently isolated from the 
stomach, liver, intestine, and muscle of mackerel—Kiser and Beckwith 
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(1942). The organism was grown in the following medium which was 
used throughout the experiments: 


Bacto-peptone (Difco) 
Bacto-yeast extract.... 
Ferric phosphate, C.P. 
Bromthymol blue 

Filtered sea water 

















This was autoclaved at 15 pounds pressure for 30 minutes and the 
pH after sterilization was 7.4. 

The procedure for the experiments was as follows: A measured amount 
of the sterile broth was placed aseptically in sterile Erlenmeyer flasks 
containing glass beads to aid in mixing. The flasks were then fixed in 
salt-water baths at each incubation temperature and allowed to come to 
the temperatures of the incubators. These were 25, 7, and —4° plus or 
minus 1.5°. These flasks were then inoculated with one ml. of a 24-hour 
broth culture of the organism or with a similar amount of a sea-water 
dilution of the culture. The amount of the inoculum was determined by 
plating out the culture in duplicate on an agar medium of the composition 
of the broth with addition of 1.5 per cent Bacto-agar (Difco). The plates 
were incubated six days at room temperature. Counts were made of each 
one of the cultures at intervals and the necessary dilutions were com- 
pounded in a sterile sea water. 

The experiment indicated (Table 2 and Figs. 1 to 4) is representative 
and differed from others only in the amount of inoculum. In the first 
experiment the initial count was 5.38> 10’, in the second it was 2.86 10%, 
and in the fourth it was 2.9710°. Experiments 2 and 3 were similar 
except that the culture used for starting the flasks in Experiment 3 was 
carried for a month prior to its use at 7° rather than at room temperature. 
A 96-hour culture was used for the inoculum in Experiment 3 and the 
initial number of bacteria was 3.2010*. Inasmuch as similar results ap- 
peared in all of these tests the figures which pertain to only one of them 
are included (Table 2). 

Results: The general shape of the curves formed by plotting the loga- 
rithms of the number of bacteria per milliliter against time in hours was 
similar in all four cases as shown (Figs. 1 to 4) except for the dip in the 
eurve for 25° in Fig. 4. For this dip no explanation is offered. 

The maximum numbers of. viable bacteria held at 25° were less than 
those at 7° and the flasks sewn with the smaller inocula yielded results 
substantially the same. However, these were larger than those obtained 
from the flask started with the largest inoculum. The maximum in the 
preparation held at —4° was approximately the same throughout its 
series, although the maximum viable population in the case of the flask 
with the smallest inoculum was not reached during the period of the par- 
ticular experiment detailed (Table 2). The total numbers of bacteria as 
judged by turbidity were considerably greater at the two higher tempera- 
tures regardless of initial numbers than in the flasks incubated at —4°. 
The maximum number at 7° was slightly greater than that at 25° in each 
instance. 
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Fig. 1. Growth curves—5.38 X 10? inoculum. 
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Fig. 3. Growth curves—3.20X10* inoculum. 
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Fie. 4. Growth curves—2.97 X 10° inoculum. 
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The lag period at 25° approximated three hours (Table 3). At 7° the 
lag was 24 to 28 hours except in the fourth experiment where it was 12 
hours. This experiment included the largest inoculum and its result is 
in agreement with those of Rahn (1906) and of Penfold (1914), who 
showed that the lag was inversely proportional to the size of the inoculum. 
At —4° the lag with a small inoculum was 193 hours but if this inoculum 
was 100-fold larger, it was 125-127 hours. With the largest amount of 
starter it was 144 hours. At this low temperature much difficulty was 
experienced with icing. Likewise it appeared at the beginning of the 
fourth experiment and during the period of 450 to 700 hours in Experi- 
ment 2. The cultures have a freezing point of 3° but the medium ordi- 
narily supercooled and no ice formed. When ice formed, growth was 
slowed. 

TABLE 2 
Growth of an Achromobacter sp. at 25, 7, and —4°C. With Inoculum 
of §.388X 10° 








25°C. 7°C. —a4°C. 





Bacteria | Bacteria Bacteria 
per ml. per ml. a per ml. 


- 
° 
K 





hr 


0 
1 
2 
3 
4 
5 


5.38 X10? 5.38 X 10° 2.7% 5.38 X 10? 
3.75 X10? 
5.60 X 10° 
9.40 X10? 
1.48 X 10° 
2.38 X 10* 
5.70 X 10° 
1.24 X 10* 
3.44X10* 


we to bo to to 
monn 
“or s3 
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1.42 X 10° 
6.40 X 10° 81 4.10 10° : 4.75 X 10° 
1.85 X 10° 8.27 1.28 X 10* , 3.85 X 10° 
5.35 X 10° 73 1.23 X 10° 5.08 4.10 X10? 
5.09 X 10° . 
2.19 X 10° 8. 4.06 X 10° i. 4.50 X10° 
2.50 X 10° 8. 1.12 X 10° : 4.50 X 10? 
6.45 X 10° .! 2.08 X 10° , 5.70 X 10° 
3.45 X10" “ 2.60 X 10° : 1.10 X 10° 
3.45 X 10* a 1.45 X 10® 
3.90 X 10° 3.90 X 10° 
4.65 X 10° 8.67 2.00 X 10* 
3.45 X 10° 8.54 2.24X10* 
386 5.50 X 10° 8.74 4.35 X 10 























The minimum generation times were computed for each experiment by 
use of the formula of Buchner, Longard, and Riedlin (1887) : 


. log 2 t 


© =3 
Ss 


log b—log B 


Here B is the number of bacteria at the beginning and b is the number at 
the end of the time ¢; g is the time of generation. 
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At the higher temperatures the minimum generation time (M.G.T.) is 
considerably less with the two smaller inocula than it is with the largest 
but at —4° the range of M.G.T. is greater and there is no apparent corre- 
lation between the size of the inoculum and M.G.T. 

At 25° the length of time during which the M.G.T. is maintained is 
greatest with the smallest inoculum and is shortest with the largest, as 
would be expected if the extent of growth were controlled by the numbers 
of bacteria or by the concentration of metabolic products. At 7° the period 
during which the M.G.T. was maintained was shorter in the third experi- 
ment than it was in Experiment 2 but the M.G.T. was considerably less. 
This suggests that some adaptation to the lower temperature had occurred 
during the period when the stock culture was maintained at 7°. 

The activity coefficient (K) in terms of production of bacteria per unit 
of time was computed from the formula: 


K = (log b — log B) 
t 


where b is the final and B the initial number of bacteria per milliliter after 


time t. K is also equal to and thus could be computed directly from 


g if desired. Having obtained a value for K it is possible to compute the 
temperature coefficient for the growth process. This was done by means 
of the formula of Kanitz (cited by Hess, 1934b) : 


(10 (log K,—log K, ) 
T—T, 


Between 7 and 25° there appears a two to threefold increase in growth 
for each 10° rise in temperature (Table 4), and this is comparable to the 


Qi0° = 10 





TABLE 3 
Generation Times and Activity Coefficient of Achromobacter sp. 
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effect of temperature upon many chemical reactions at this range. How- 
ever, between —4 and 7° there is a five or sixfold increase in growth for 
each rise of 10° in temperature. This is a much smaller value for Q,,o 
than those previously reported by Hess (1934b). It does not seem likely 
that the amount of inoculum is significant here. 


TABLE 4 
Temperature Coefficient for a Ten-Degree Rise in Temperature 








25 to 7°C. 7 to—A4°C. 


2.17 
2.84 
1.86 
2.33 

















SUMMARY 

The organisms isolated from the mackerel were well adapted to growth 
at low temperatures. Eighty per cent of the cultures produced macro- 
scopically visible growth in six days at 0°. 

These organisms did not always prolificate in all media used at nearly 
minimal temperatures and when they did grow they did not always carry 
on the same physiological activities which were characteristic at tempera- 
tures more nearly optimal. 

Growth curves for an Achromobacter sp. were obtained at three tem- 
peratures, 25, 7, and —4°, by use of inocula which varied between 5.3810? 
and 2.97 10° bacteria per milliliter. 

When the stock culture was incubated at 7° for one month there was 
an adaptation to growth at that temperature. 

The average minimum generation times for the three smaller inocula 
were: 25°, 0.98 hour; 7°, 4.84 hours; —4°, 30.7 hours. These generation 
times indicate a much more rapid rate of growth at the two lower tem- 
peratures than has been reported for most other bacteria. 

The temperature coefficient for an increase in temperature of 10° is 
about the same as that for many chemical reactions, i.e., 1.86 to 2.84 at 
the higher temperatures tested. In the lower range of temperature, between 
7 and —4°, the temperature coefficient is somewhat greater, i.e., from 4.58 
to 5.82. This is much less than the figures usually reported for the bio- 
logical phenomena apparent in that range of temperature. 
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This paper deals with certain phases of a study which is part of a 
national co-operative project on the ‘‘Conservation of the Nutritive Value 
of Foods.’’ The purpose of the investigation was threefold: (1) to learn 
the relative nutritive values of some horticultural varieties of Beta vul- 
garis which seemed to offer possibilities of increased utilization as human 
food; (2) to determine their relative palatabilities; and (3) to investi- 
gate the effect of cooking, marketing, and drying on the ascorbie acid 
content, color, and palatability of the selected greens. 

Much has been published on the ascorbic acid content of vegetables and 
the effect of processing on it but little has been done with leaves of the 
Beta vulgaris family. Fenton, Tressler, Camp, and King (1937) found 
the total ascorbic acid content of fresh raw Fordhook chard to be 3.6 mg. 
per gram (dry weight) by the dye-titration method. Sheets, Leonard, 
and Gieger (1941) and Fenton et al. (1937) collected data which showed 
that the leaf portion of raw fresh Swiss chard was a good source of vita- 
min C, while the stem was a poor source. Sheets et al. (1941) found that 
the leaf blade contained 86.6 per cent of the ascorbic acid of the entire leaf. 

The ascorbic acid content of cooked Swiss chard was found by Fenton 
et al. (1937) to be 0.14 to 0.18 mg. per gram with about one-half of the 
original ascorbic acid passing into the cooking water. Fenton (1940), in 
reviewing the published data, stated that the amount in cooking water 
varied from 20 to 66 per cent. McIntosh, Tressler, and Fenton (1940) 
found that quick-frozen vegetables lost increasing amounts of vitamin C 
to the cooking water as the volume of the water was increased. Fenton 
et al. (1938) working with carrots had similar results. Most of the actual 
destruction of ascorbie acid occurred during first two minutes of cooking. 

Nagel and Harris (1943) found that high losses of ascorbic acid occurred 
when vegetables were cooked and served under restaurant conditions. Their 
data indicated that about 20 per cent of the original ascorbic acid content 
was destroyed by cooking, 25 per cent more was lost in the discarded cook- 
ing water, and an additional 25 per cent was lost during approximately 
three hours on the steam table. In spinach, the total loss was 93 per cent. 

Tressler (1942) stated that most leafy vegetables lost their vitamin C 
eontent during dehydration. Moyer (1943) reported that beets lost 30 per 


*Approved by the director of the Michigan Agricultural Experiment Station for 
publication as Journal Article No. 654, n.s. 

* Paper presented before Division of Biological Chemistry of the American Chemica! 
Society, Detroit, Mich., April 13, 1943. 
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cent, rutabagas 85 per cent, and potatoes almost all, on dehydration. Stor- 
age above —40°C.(—40°F.) accelerated the loss of ascorbic acid. 


EXPERIMENTAL PROCEDURE 

Leaves of different varieties of the beet family (Beta vulgaris) were 
selected for study. These included four horticultural selections : the common 
table beet (variety, Detroit Dark Red) ; the sugar beet (variety, U. S. 200 
215) ; and two varieties of Swiss chard successfully grown in Michigan— 
Fordhook, a dark green, curly-leaf variety, and Rhubarb, a red-stemmed 
variety. The greater part of the work was carried out on Swiss chard. The 
leaves of the Detroit Dark Red beet were obtained from a local truck 
gardener and the sugar beets were grown on college plots. Under the direc- 
tion of the Horticultural Department, the two varieties of chard were 
planted side by side and received the same cultural practices. This con- 
trolled method of production should validate comparisons of the findings 
on these two kinds of greens. 

Early on the day that the experiments were conducted, the greens were 
harvested according to a standard procedure. Leaves representing the 
partially mature growth of the plant were used. Thirty minutes after 
picking, the leaves were in the laboratory for analysis. Harvesting of the 
beet leaves was done in July and the Swiss chard in August and Septem- 
ber, 1942. The August and September harvesting are referred to as Periods 
1 and 2, respectively. Fresh and processed leaves were analyzed with mid- 
ribs but without petioles, since this seemed to be a generally accepted 
method of preparation for home consumption in this part of the country. 
An aliquot of freshly picked leaves was removed as a control from each 
lot to be processed. All samples of greens were analyzed in triplicate. The 
fresh leaves were quickly rinsed in distilled water, dried with cheesecloth, 
clipped with shears into approximately one-cm. squares, dropped into a 
paper bag, and shaken to mix. Samples were weighed at once for the 
analyses. 

The greens were prepared for cooking by removing undesirable leaves, 
eutting off petioles, and washing three times in tap water at 20°C.(68°F.). 
The home-cooking procedures were as follows: Greens equivalent to four 
servings were cooked (1) uncovered, in twice their weight of rapidly 
boiling tap water, and (2) covered, without the addition of water except 
that clinging to the leaves after one minute of draining. Three-quart, 
enamel saucepans were used for cooking. Since the purpose of this study 
was to determine the nutritive value of the leaves as eaten, no analysis 
of the cooking water was made. Institution preparation was carried out 
by cooking greens in eight-lb. lots (approximately 30 servings) in a steam- 
jacketed kettle in double their weight of rapidly boiling water for seven 
minutes. Cooked greens were held on the steam table for 10 and 60 min- 
utes, respectively. The home-drying method consisted of steam-blanching 
the leaves for five minutes and then drying with gas-heated air in home- 
sized driers made of plywood and galvanized sheet iron, according to 
Caldwell (1933) and Case (1940). The leaves were dried at a temperature 
under 70°C.(158°F.) for about five hours or until they contained from 
seven to 10 per cent moisture, and then were stored in sealed cellophane 











£pa0M 
yBoM 
yoomg 
9[BIS 
Bu0lg 
ainog 
quesung 
[vanzen 
Aysny 
Zuryou'y 
oy ABH 
Assniy 
Be aits | 


oule NT 


10ARL A 





ysnoy, 
Jopudy, 
19S 
sysnyy 
L1ayyea'y 
duivy 
pieH 
Udy 
dsp 
£mayy 


SoQuaysisuog 


ud013 MOT[9X “9 
ading °c 

U9013 [BINJEN “F 
u9a13 Adi) “E 
u9013 pope °Z 
u9013 UMOIG “T 


10}09 


‘uUIn[Od YoRE 


POOMS “OT 
su0lg 
8848 
anog 
quesung 
[vinze Nn 
Aysnypy 
Spon 
ayt-Aey 

Assviy ‘T 


40P0 


ut soatjyoefpe ozeridoidde oy} yooyD 





100d A194 


100g 


Ite 


WNIpay 


poosy 


poo £194 


| quopjooxgy 
| 


“"TLOISN]IUOD [BLIUID 





a[qeiisopun 
£19 A 


9[qeiisopuy 


e[qvitsepun 
443g 


a[qvilsep 
ATV43g 


a[qeiisep 
A[aye19 pop 


a[qeilsog 


a[qeilsep 
SIOA 


sosssseneccnnssssenneseenneeee=s FO AUT 





a[qeitsopun 
£19A 


9jqeitsepuy) 


o[qesisepun 
4438 


a[qeitsep 
419439 


9[qeiisep 
A[ayV1gapow 


a[qeitsog 


a[qvilsep 
£19 A 


seeeenenereeseeseee KITIDISISUOD 





-a[qeatsapun 
AIDA 


aqeaisapuy 


a[qvitsepun 
Anysts- 


a[qeiisep 
443g 


a[qualsap 


Ajoyesapow 


a[quatsacy 


a1qeiIsop 
419A 


“errr UB IVIGAE [BIOUI4) 





alqeatsapun 
£10A 


- oyqRarsapuy) 


f o[qeitsapun 
443s 


o[qvitsop 
ATWYSUS 


a[qBatsep 
A[aye19 pow 


a[qeVarsog 


a[qeitsop ¥ 
£10 A 


seeeeeeeeee 


ecacoestoneceses Samiiry 





e[qeilsopun 
AIDA 


a[qvaisopuy 


o[qeitsepun 
4438 


o[qvitsop 
443g 


a[qviisop 
Ajoyerepow 


a[qeatsag 


a1qeilsep 
SIDA 


oressunesnseasecesscssessnsensessess LOD () 





syivwmey 











€ 





¥ 





s 





L 








10)0Bq 











378q 


$2)q0}206a4 sof 2uvyg Guripvsy 


1 auonold 





ON 9p0) 

















ASCORBIC ACID CONTENT OF SWISS CHARD AND BEET GREENS 271 


bags in a cupboard at approximately 18°C.(64.4°F.). The marketing 
procedure consisted of taking a portion of the freshly harvested leaves, 
rinsing in a tub of water, covering with wet burlap in bushel baskets, 
and allowing to stand at room temperature for 24 hours. Ascorbic acid 
and moisture determinations were made and compared with the values 
obtained the previous day from the freshly picked sample. After cooking, 
processed samples were scored for palatability by four judges using a 
seven-point rating scale (Fig. 1) on the factors of color, odor, general 
appearance, consistency, flavor, and general conclusions. 

For analytical purposes the samples of the cooked greens were taken 
by means of glass boring tubes, one-half inch in diameter, pressed through 
a well-mixed and compact layer of greens. Moisture samples were run 
parallel with the vitamin determinations, the leaves being dried at 95 
to 105°C.(203 to 221°F.) for 24 hours. Reduced ascorbic acid was deter- 
mined by Morell’s (1941) modification of the Bessey (1938) procedure 
using a Coleman universal spectrophotometer, Model 11. 

The color of the cooked product was determined by the Petering, Wol- 
man, and Hibbard (1940) procedure for chlorophyll. It is referred to as 
aleohol-extracted pigment rather than chlorophyll since the cooked mate- 
rial would contain degradation products of chlorophyll as well as the pure 
pigment. 

When the number of samples permitted, mean vitamin values were 
analyzed by variance methods for statistically significant differences. Cor- 
relation values between the alcohol-extracted pigment and (a) the ascorbic 
acid content, (b) the color scores, and (¢) the general palatability scores 
were determined. 























TABLE 1 
Ascorbic Acid Content of Freshly Picked Leaves 
i Washer ; Ascorbic acid 

Variety of leaves ° of Moisture Fresh Calculated 
samples leaves to dry basis 
Swiss chard gm./100 gm. | mg./100 gm. mg./100 gm. 
i nirascasicclatnnsshictaanccinteseseneesl 24 91+0.2 | 3541.6 376+19.7 
Be ka scsincoisacsavincessiservsiccicnanel 24 89+0.3 | 39+1.8 369+13.2 

Beet leaves | 
is i iancseinsctineancinerenedunsel 6 88+0.3 | 62+2.2 504+23.9 
Detroit Dark Red.............0sccssse+e | 3 90+0.3 61+0.8 585+ 7.9 








RESULTS AND DISCUSSION 

The fresh leaves of Beta vulgaris contained about 90 per cent moisture 
and, in ascorbie acid content, ranged from 35 to 62 mg. per 100 gm., as 
shown (Table 1). (In this table the results from the two harvesting periods 
for Swiss chard were averaged since there was no significant difference 
between them.) In the raw state both varieties of beet leaves were better 
sourees of ascorbic acid than were the varieties of Swiss chard. The beet 
tops contained 61 to 62 mg. per 100 gm. (fresh weight), while the Swiss 
chard leaves ranged from 35 to 39 mg. Compared with published data of 
Booher, Hartzler, and Hewston (1942), the beet-top values were high. 
These greens were picked in July. The average ascorbic acid content for 
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Fordhook chard, 35 mg. per 100 gm. of fresh leaves, was in agreement 
with Booher’s figures, which ranged from 32 to 38 mg. per 100 gm. of 
fresh greens. Rhubarb chard averaged 39 mg. per 100 gm. of fresh leaves. 
No values were found in the literature for the Rhubarb variety. There 
were no statistically significant differences, however, in the ascorbic acid 
values of the fresh leaves of the two varieties of Swiss chard as observed 
in this study. 

Marked decreases were noticeable in ascorbic acid when the greens were 
cooked by either of the home-cooking methods (Table 2). The data for 
each set of cooked samples were compared with those from a corresponding 
set of fresh aliquots. With Swiss chards there were losses ranging from 
74 to 88 per cent when the greens were cooked in a moderate quantity of 
rapidly boiling water (Method 1). Time for cooking to a tender stage 
was seven to eight minutes by this method. Even greater losses of ascorbic 
acid were observed in Swiss chards cooked in the water clinging to the 
leaves after the last rinsing (Method 2), those losses ranging from 93 to 
95 per cent. Time for cooking to a tender stage by Method 2 was 21 to 
22 minutes. The beet greens showed losses of from 65 to 71 per cent by 
Method 1, and from 83 to 84 per cent by Method 2. While the preservation 
of ascorbie acid in cooked greens was significantly greater by Method 1 
than by Method 2, in either case it was less than that observed by Fenton 
et al. (1937). No analyses were done on cooking water in this study, since 
the greens were assayed ‘‘as eaten.’’ The preservation of slightly more 
ascorbic acid in leaves cooked in a moderate quantity of rapidly boiling 
water than in leaves cooked in no added water, is probably due to the 
shorter cooking time or to the shorter time required to bring the leaves 
to the boiling point. 

Cooking greens under conditions prevailing in the institution kitchen, at 
least as used in this study, and ‘‘holding’’ them for 10 minutes on a steam 
table resulted in losses of from 77 to 85 per cent of their ascorbic acid 
(Table 3). Holding for 60 minutes on the steam table caused significantly 
greater losses, ranging from 87 to 97 per cent. 

The effects of home and institution cooking on palatability and color 
of greens are presented (Table 4). Judges’ scores showed that cooking 
greens in a moderate quantity of rapidly boiling water was superior to 
that of cooking with no added water. Fordhook and Rhubarb chards 
received higher scores for palatability than beet greens. The palatability 
scores were somewhat lower for institution cooked greens than for greens 
cooked by Method 1 of home cooking. Holding these greens for 10 or for 
60 minutes on a steam table made no significant change in the final scores 
on palatability. In this connection, it should be pointed out that the factor 
of time was not as well managed as desired, since a period of from, 20 to 30 
minutes was required for transfer of the cooked greens from the institu- 
tion kitchen in one of the dormitories to the laboratories. This period may 
have represented a critical period so far as the palatability of the greens 
was concerned. 

There was a highly significant correlation between the alcohol-ex- 
tracted pigment and either palatability or color as scored by the judges. 
It is possible that the determination of alecohol-extracted pigment as car- 
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ried out in this study might be developed as an objective method of 
measuring certain factors contributing to the table quality of green 
vegetables. 

The home-drying method used in this experiment resulted in prac- 
tically complete disappearance of reduced ascorbic acid from the greens 
(Table 5). In all varieties except Fordhook the amount remaining was 
too small to be determined by the method used. Other workers, Moyer 
(1943) and Tressler (1942), have reported somewhat similar findings. The 
dried greens, when reconstituted and cooked, had a good color, were not 
unattractive, but were extremely unpalatable and of very doubtful prac- 
tical value in the diet either from the point of view of appetite appeal 
or nutritive value. 


TABLE 5 
Ejfect of a Home-Drying Method on Ascorbic Acid Content of Greens 








Ascorbic acid 
Number 
Variety and period of 

samples 





Fresh raw 
sample 
(dry basis) 


mg./100 gm. 


Moisture Newly dried 


(dry basis) 





Swiss chard gm./100 gm. mg./100 gm. pet. 
Fordhook 

Period 1 

IT ccc sxesenbishantnatsoounnin 


Rhubarb 


7.30.4 
7.9+0.1 


408+23.0 
460+40.4 





1641.5 96 
14+0.6 97 








10.0+0.2 436+13.7 0 100 
Beet leaves | 
U.S. 200 X 215 | 10.3+0.1 


} : 100 
Detroit Dark Red.............-.+. | ¢ | 6.0+0.001 | 


100 








460+20.8 0 
585+ 7.9 0 





Holding the greens for 24 hours in a moist condition at room tem- 
perature did not cause any significant loss of reduced ascorbic acid. As 
shown (Table 6), with Fordhook chard there were losses but with the 
Rhubarb chard there was an apparent gain in ascorbic acid. In every 
ease the leaves were in excellent condition. Nothing has been found in the 
literature concerning the procedure of holding washed, moist greens in 


TABLE 6 


Effect on Ascorbic Acid Content of Holding Greens for 24 Hours 
Under Local Market Conditions’ 








| Ascorbic acid 





Moisture | | 


Variety and period 


Swiss chard 
Fordhook 
Period 1 


I Ec ischiaccelcestaencaiiacontgeli 


Rhubarb 
Period 1 
ay Period 2 


of “held” 
leaves 


gm./100 gm, 


91+0.1 


4 92+0.1 


90+0.3 
91+0.5 





| 
| 
| 


Freshly 
picked 
(dry basis) 


Held 24 
hours 
(dry basis) 





mg./100 gm. 


396+14.1 
416+30.4 


347+ 9.2 
325+33.9 





mg./100 gm. 


366+ 8.4 
255+16.0 


375+20.1 
3542+47.1 








1Each figure represents an average of six determinations, 
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baskets under wet burlap; but, since this method was practiced in the 
local farmers’ market, it was considered worthy of investigation. 


SUMMARY 

A study was made of the ascorbic acid content and palatability of 
leafy vegetables as affected by (1) variety, (2) cooking by two widely 
used home-cooking methods, (3) by holding the greens cooked by an 
aceepted institutional method for (a) 10 minutes and (b) 60 minutes on 
a steam table, (4) home drying, and (5) marketing as on the local farm- 
ers’ market. All varieties of leaves were from the beet family (Beta vul- 
garis )—the common table beet (variety, Detroit Dark Red), the sugar beet 
(variety, U. S. 200215), and two varieties of Swiss chard (Fordhook 
and Rhubarb). The beet leaves were analyzed in July and the Swiss chard 
at two periods, in August and September. 

The average ascorbic acid content for Fordhook was 35 mg. per 100 
gm. of fresh leaves; Rhubarb, 39 mg. per 100 gm.; beet leaves (U. S. 200 
< 215), 62 mg. per 100 gm.; and beet leaves (Detroit Dark Red), 61 mg. 
per 100 gm. 

There was no statistically significant variation in the level of ascorbic 
acid between the August and September harvesting of Swiss chard. 

Cooking in family-size quantities was more desirable when done in a 
moderate quantity of rapidly boiling water than when done with no water 
except that clinging to the leaves after the last rinsing. From a statistical 
analysis, the former method was superior for the preservation of color, 
for the retention of reduced ascorbic acid, and for palatability. 

The institution cooking under the conditions of the experiment pro- 
duced greens low in ascorbic acid. Holding the greens cooked by the insti- 
tution method for 10 or 60 minutes seemed to make little difference in the 
final scores on palatability, but the reduced ascorbic acid was significantly 
lowered after the 60-minute holding period 

Both varieties of Swiss chard ranked higher on palatability scores than 
either the red-beet or sugar-beet leaves. 


Drying in a small home drier resulted in greens with very low, or no, 
reduced ascorbic acid content. The dried leaves were unpalatable when 
reconstituted and cooked. 


The alcohol-extracted pigment gave promise of being a good objective 
test for desirability and palatability of the cooked product. 
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' SALT MIGRATION IN CHEDDAR CHEESE CURD AND ITS EFFECT 
ON MOISTURE CONTENT, PH, AND BACTERIAL CONTENT * 
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Iowa Agricultural Experiment Station, Ames, Iowa 


(Received for publication, October 30, 1943) 


In salting Cheddar cheese, granular salt is added to the surfaces of 
the freshly milled pieces of curd. The salt dissolves in the moisture on 
or near the surfaces of the pieces of curd and, while a portion of the salt 
is removed in the whey that drains away, a large portion of it diffuses 
from the surfaces to the interiors of the pieces. Since salt has a retarding 
effect on bacterial action, the time required for appreciable amounts of 
salt to migrate from the surfaces to the centers of the pieces of curd may 
be biologically significant. Also, differences in the concentrations of salt 
at various points in the pieces of curd may affect the moisture distribution. 

In the studies herein reported moisture and salt determinations were 
made on micro-samples taken from the surfaces and centers of pieces of 
curd at intervals during the first 72 hours after hooping, which commonly 
was as long as the pieces retained their identity in the cheese. Variations 
in bacterial action were studied by determining the pH values and bac- 
terial contents of samples from the surfaces and centers of the pieces. 


GENERAL PROCEDURE 


The cheese used in the studies were made in small experimental vats 
from 380-pound lots of pasteurized milk, using the procedures generally 
employed in the cheese laboratory for making Cheddar cheese from pas- 
teurized milk, Wilson (1943). Approximately 2.5 per cent granular salt 
was added to the milled curd in three portions at intervals of approxi- 
mately 15 minutes. About one hour after the first addition of salt, the 
curd was rinsed with a small quantity of water at approximately 38°C. 
(100.4°F.) and then placed in longhorn type hoops. The cheese were 
pressed for 48 hours after which they were removed and held at about 10°C. 

. (50°F.). 

Whole pieces of curd were obtained from a cheese by picking away 
the surface and selecting pieces from beneath the surface. A cheese was 
sampled at 0, 5, 15, 24, and 48 hours after being placed in the press and 
also 24 hours after removal from the press. From each piece of curd 
portions were taken at the surface and from the interior, and the moisture, 
salt, and pH values were determined. Moisture and salt determinations 
were made on the same micro-sample; pH determinations were made on 
samples of considerable size from the piece of curd already «sed for mois- 
ture and salt analyses. The final values represent the averages of the 
values obtained on surface and center portions from two pieces of eurd. 
Bacterial contents were determined on one-gram portions taken at the 
surface and center of a separate piece of curd. 
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MOISTURE AND SALT DETERMINATIONS 


The sampling of a piece of curd was done as quickly as possible to 
minimize evaporation. Under a microscope having X6 magnification, a 
sample of approximately one to five mg. was obtained with a sharp razor 
blade. The sample was placed on a weighed micro-spoon? and then the 
micro-spoon was immediately placed in a glass-stoppered micvro-weighing 
bottle (seven mm. in diameter and 11 mm. in height). All weighings were 
made in the micro-weighing bottle and the weights determined to within 
0.002 mg. on an Ainsworth micro-balance. No loss in moisture was noted 
during the weighing. 

For the moisture determinations, the samples were dried at 100°C. 
(212°F.) for 24 hours and then placed in a desiccator for 20 minutes 
before reweighing. The loss in weight was considered to represent the 
moisture in the sample. 

The micro-method for salt was essentially the volumetric micro-proced- 
ure described by Ogg, Johns, Hoecker, and Hammer (1942) for determining 
salt in butter, although a few modifications were employed. The general 
method consisted of weighing the sample; emulsifying the curd with so- 
dium hydroxide ; transferring the ash and salt to a spot plate with water, 
a buffer solution, and alcohol; and titrating with a 0.01N silver nitrate 
solution, dichlorofluorescein being used as the indicator. 

Before ashing a sample, one drop of 0.1N sodium hydroxide solution 
was added to it in the micro-spoon. The sample was then heated in a 
micro-oven to approximately 125°C.(257°F.) until it was apparently dry. 
Heating the curd with sodium hydroxide tended to emulsify the curd, 
thus causing it to ash more easily. The sample was ashed by hanging 
the micro-spoon, containing the sample, on a Nichrome wire suspended 
in a 15-ml. porcelain crucible. The crucible was heated slowly with a 
micro-burner until the sample was thoroughly charred, after which the 
crucible was covered and the heating continued until only the ash and 
salt remained (approximately 10 to 15 minutes). 

The ash and salt were transferred to a white porcelain spot plate by 
placing the spoon in several drops of water. After a few minutes the salt 
solution was washed from the spoon with three or four drops of water 
followed by two drops of an ammonium acetate buffer solution [one part 
by volume of 1M acetic acid solution and two parts by volume of 1M 
ammonium acetate solution, according to Benedetti-Pichles and Siggia 
(1942)] and finally with three or four drops of 95-per cent ethyl alcohol. 
When the salt concentration in the solution from the ash was relatively 
low, a measured amount of 0.01N sodium chloride solution was added from 
a micro-buret. The titration with silver chloride was then carried out as 
described by Ogg et al. (1942). 

Macro-procedures also were used in determining the moisture and salt 
contents of some of the cheese. A representative sample of a cheese was 
put through a food chopper several times and thoroughly mixed. For the 
moisture determination a three to four gram sample was weighed in a 


? The micro-spoons were made by fusing pieces of platinum foil about six mm. in 
diameter to 24-gauge platinum wires about 10 mm. in length. The centers of the spoons 
were made slightly concave and the wires were bent so that the spoons would hang level. 
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tared aluminum dish, containing a small amount of sand, and dried in an 
oven at 100°C.(212°F.) for 48 hours; the percentage of moisture was cal- 
culated from the loss in weight. Salt was determined by the A.O.A.C. 
official method (1940). 
PH DETERMINATIONS 

A sample was obtained from the surface of a piece of curd by cutting 
a very thin slice from each of the faces and from the center by splitting 
the piece of curd and cutting a relatively small portion from as near the 
center as possible. Each sample was thoroughly macerated in a small 
glass mortar after which a small quantity of quinhydrone was mixed with 
it. The mixture was transferred to a small glass sampling tube by tapping 
one end of the tube in the mixture. The pH was determined with a Leeds 
and Northrup potentiometer, a calomel half-cell, and a modified quinhy- 
drone electrode similar to the one described by Watson (1929). 


BACTERIAL COUNTS 


Bacterial counts were made by the plate method, using tryptone- 
glucose-extract-milk agar, American Public Health Association (1941), and 
an incubation of five days at 21°C.(69.8°F.). A one-gram sample of the 
curd was thoroughly macerated in a sterile mortar and then ground with 
nine ml. of sterile two-per cent sodium citrate solution. The mixture was 
transferred to a warm, sterile, 90-ml, water blank and the desired dilutions 
were made. 

EXPERIMENTAL 


ACCURACY OF MICRO-PROCEDURES FOR MOISTURE AND SALT 
DETERMINATIONS ON CHEESE 


The accuracy of the micro-procedures for moisture and salt determina- 
tions on cheese could not be evaluated by analyses on duplicate samples of 
fresh curd since it is not a homogeneous mass. Accordingly processed 
Cheddar cheese, which should be fairly homogeneous, was employed; the 
moisture and salt values obtained with the micro-procedures on 10 samples 
from a -piece of processed cheese and also the values obtained with the 
macro-procedures on two samples are shown (Table 1). 

With the micro-procedures the values obtained for the moisture content 
or the salt content agreed rather closely and they also were in good agree- 
ment with the values obtained by the macro-procedures. The micro-pro- 
cedures gave moisture values on the 10 samples which varied from 39.2 
to 40.6 per cent and salt values on nine samples which varied from 1.97 
to 2.04 per cent. The salt value on one sample was 1.93 per cent; since 
a small portion of this sample was difficult to ash and heating was con- 
tinued for an excessive period, some of the chlorides may have been vola- 
tized. With the macro-procedures the moisture values on duplicate samples 
were 40.8 and 40.7 per cent and the salt values were 2.04 and 2.03 per cent. 


MOISTURE AND SALT CONTENTS AND PH VALUES AT SURFACES 
AND CENTERS OF PIECES OF CURD 
Moisture and salt contents and pH values were determined at intervals 
on the centers and surfaces of pieces of curd from a number of cheese; 
data on two representative cheese are shown (Figs. 1 and 2). 
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RESULTS ON CHEESE A (FIG. 1) 


Moisture: At hooping, which was about one hour after the beginning 
of the salting, the moisture contents at both the surfaces and centers of 
the pieces of curd were relatively high, being 41.3 and 38.8 per cent, 
respectively. After pressing for five hours the moisture contents had de- 
ereased considerably at both the surfaces and centers, being 35.1 and 35.3 
per cent, respectively. After pressing for 15 hours the moisture content 
at the surfaces was essentially the same as after five hours, being 35.0 per 
cent; while at the centers the moisture content was much lower, being 31.6 
per cent. After pressing for 24 hours the moisture contents at the surfaces 
and centers were essentially the same, the values being 34.7 and 34.6 per 
cent, respectively. No further changes of significance occurred in the mois- 
ture contents at either the surfaces or centers. 


TABLE 1 


Moisture and Salt Values Obtained on Processed Cheddar Cheese 
With Micro- and Macro-Procedures 








Micro- Weight 


sample of sample Moisture 





mg. pet. 
4.215 39.6 
2.412 39.5 
2.964 39.7 
3.251 40.0 
3.863 40.0 
2.338 40.6 
4.466 39.9 
3.208 39.6 
39.7 
10 : 39.2 


Macro- 
sample 


1 40.8 
2 40.7 


1 Heated for an excessive period. 


~ 


wore 


4 
5 


anna 


© 














Salt: At hooping the salt content at the surfaces was relatively high, 
being 2.30 per cent, while at the centers it was only 0.13 per cent. After 
pressing for five hours the salt content at the surfaces had decreased to 
1.52 per cent and at the centers it had increased to 0.56 per cent. After 
pressing for 15 hours the salt content at the surfaces was essentially the 
same as after five hours, being 1.65 per cent, but at the centers it had 
inereased conspicuously to 1.42 per cent. After pressing for 24 hours the 
salt contents at both the surfaces and centers had decreased slightly, being 
1.32 and 1.15 per cent, respectively. After 24 hours no significant changes 
in the salt contents were noted at either the surfaces or centers. 

pH: Immediately after milling the pH values at the surfaces and the 
centers of the unsalted pieces of curd were the same. At hooping the pH 
value at the surfaces had increased slightly, being 5.23, whereas at the 
centers it had decreased to 5.05. After pressing for five hours the pH 
at the surfaces had decreased slightly to 5.20, while at the centers it had 
decreased to 4.99. After pressing for 15 hours the pH values at both the 
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surfaces and centers had again decreased, thé greatest decrease occurring 
at the surfaces where the value was 5.05 compared with 4.94 at the centers. 
After pressing for 24 and 48 hours the pH values at both the surfaces 
and centers showed further decreases; the greatest decrease occurred at 
the surfaces. The pH values at the surfaces after 24 and 48 hours were 
5.02 and 4.91, respectively, and at the centers they were 4.91 and 4.87, 
respectively. After 72 hours no changes were noted in the pH values at 
either the surfaces or centers. 


RESULTS ON CHEESE B (FIG. 2) 


The same general changes in moisture and salt contents and pH values 
as in Fig. 1 are noticeable, although there were some minor variations. 
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Fig. 1. Moisture and salt contents and pH values at surfaces and centers of pieces 
ef curd taken from Cheese A at intervals after hooping. 
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Moisture: The moisture content of the curd was comparatively high 
at hooping. Large decreases occurred at both the surfaces and centers 
of the pieces of curd during the first 15 hours of pressing, with the greatest 
loss occurring at the surfaces during the first five hours. The moisture 
contents were appreciably higher at the surfaces than at the centers 
during the entire observation period. 

Salt: At hooping the salt content at the surfaces was relatively high, 
while at the centers it was very low, the values being 2.56 and 0.10 per 
cent, respectively. During the early part of pressing the salt content at 
the surfaces decreased rapidly, whereas at the centers it increased con- 
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Fig. 2. Moisture and salt contents and pH values at surfaces and centers of pieces 
of curd taken from Cheese B at intervals after hooping. 
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siderably. After pressing for 15 hours the salt contents at the surfaces 
and centers were 1.73 and 1.41 per cent, respectively. During the latter 
part of the observation period only small changes occurred in the salt 
content at either the surfaces or centers. As with the moisture content, 
the salt content was higher at the surfaces than at the centers during the 
entire observation period. 

pH: Immediately after milling the pH values were the same at the 
surfaces and centers of the pieces of unsalted curd. At hooping the value 
at the surfaces had increased slightly, whereas at the centers it had de- 
creased considerably. During the first 15 to 24 hours in the press, the 
pH values decreased rather conspicuously at both the surfaces and centers, 
with the decrease being greater at the centers than at the surfaces during 
the first five hours. Late in the pressing the pH values decreased much 
more slowly. 

EFFECT OF SALT ON PH OF CHEESE CURD 

The slight increases in the pH value at the surfaces of the pieces of 
salted curd appeared to be rather unusual and accordingly the effect of 
salt on the pH of curd was investigated. A quantity of fresh, unsalted 
cheese curd was ground in a food chopper and the ground curd was thor- 
oughly mixed. Weighed portions were transferred to a mortar and various 
amounts of salt were added to each, after which the curd and salt were 
thoroughly ground together and a sample removed for pH determinations; 
the pH values obtained are given (Table 2). 


TABLE 2 
Effect of Salt on pH of Unsalted Cheese Curd 


an 
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From the data it is evident that, with the method used for deter- 
mining pH, addition of salt to fresh cheese curd resulted in slightly higher 
values. The effect on the pH apparently was about as great with addition 
of relatively small amounts of salt as with addition of larger amounts. In 
Trials 1 and 2 the pH values on the unsalted curd were 4.98 and 5.24, 
respectively ; after addition of 0.5 per cent salt the values were 5.01 and 
5.28, respectively, and after addition of 1.0 per cent salt they were 5.03 
and 5.28, respectively. 


MOISTURE AND SALT DISTRIBUTION IN CHEESE RIPENED 
FOUR MONTHS 
Since the diffusion of the moisture and salt undoubtedly continues long 
after the pieces of curd lose their identity, the distribution of moisture 
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and salt in two cheese ripened four months was investigated by analyzing 
10 micro-samples picked at random from each cheese. The data (Table 3) 
include results of macro-determinations. 

The moisture and salt distribution in each cheese was fairly uniform. 
With Cheese A the moisture contents of the 10 samples varied from 33.1 
to 35.4 per cent and the salt contents from 1.69 to 1.80 per cent. With 
Cheese B the moisture and salt contents of the 10 samples varied from 
33.3 to 35.4 per cent and 1.51 to 1.64 per cent, respectively. The values 
obtained with the micro-procedures were in general agreement with the 
macro-values. 


TABLE 3 


Moisture and Salt Distribution in Cheddar Cheese 
Ripened Four Months 








Cheese A Cheese B 
Micro- 
sample Weight Mois- Weight Mois- 
of sample ture of sample ture 








mg. pet. i mg. pet. 
1.543 33.2 2.995 35.3 
3.658 35.4 yf 7.379 35.4 
4.460 34.1 3.212 34.1 
3.264 33.2 3.095 34.3 
3.115 34.6 5.908 33.9 
6 6.019 34.2 mn 2.759 34.7 
7 2.916 33.7 : 2.038 33.7 
8 4.277 33.8 ‘ 3.920 33.3 
9 3.657 34.3 77 3.909 34.0 
10 33.1 34.4 


Macro- 
sample 


1 34.5 . 34.6 
2 33.8 a 34.3 























BACTERIAL CONTENTS AT SURFACES AND CENTERS 
OF PIECES OF CURD 

Bacterial counts were made on samples from the surfaces and centers 
of pieces of curd immediately after milling and also 0, 5, 15, 24, 48, and 
72 hours after hooping. Because of irregularities in the data, definite 
changes in the bacterial counts were not evident. However, the general 
results indicated that immediately after milling the numbers of bacteria 
at the surfaces and centers of the pieces of unsalted curd were essentially 
the same. After salting, the number at the surfaces commonly tended to 
decrease during the entire observation period, whereas the number at the 
centers commonly showed increases for a time, after which decreases often 
occurred during the remainder of the observation period. 


DISCUSSION 

The accuracy obtained in determining the moisture and salt contents 
of micro-samples of Cheddar cheese wag such that the micro-procedures 
should be useful in studying various problems, including salt distribution 
in cheese and its relationship to bacterial action. The procedures are not 
applicable to routine analyses because of the complicated technics. 
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The general differences in the moisture and salt contents at the sur- 
faces and centers of the pieces of cheese curd and the changes in the 
contents during the pressing are clearly shown by the studies. Minor 
variations in the data are to be expected, since different pieces of curd 
were analyzed at the various intervals and some variation in the moisture 
and salt contents of the different pieces would be expected. Variations 
in the salt contents of different pieces of curd during pressing are due to 
the method of salting and to the position of the pieces in the hoop. Pieces 
of curd removed from the upper portion of a hoop may contain less mois- 
ture and salt than pieces removed from the lower portion; with the cheese 
in a press the moisture and salt in solution tend to drain to the lower part 
of the cheese. Also, relatively large amounts of moisture are pressed out 
of the curd and along with it considerable amounts of salt, especially from 
near the surfaces. 

In studying differences in bacterial action at various points in cheese 
eurd, the measurement of some chemical change that organisms bring 
about in the curd probably is more satisfactory than bacterial counts. 
Plate counts on cheese particularly ean be criticized because of the diffi- 
eulty in completely dispersing the curd so that all of the organisms are 
liberated. In general, pH values of cheese curd should be useful criteria, 
since ordinarily the organisms that are predominant in fresh cheese curd 
are lactose fermenters and produce relatively large amounts of lactic 
acid; also, pH values can be determined on reasonably small samples. 
However, the addition of salt to fresh curd caused a slight increase in 
the pH. Although the increase was small, it occurred consistently enough 
to be of significance. The increase in the pH caused by addition of salt 
is difficult to explain but may be due to adsorption of ions to the proteins. 

In pieces of cheese curd immediately after milling, the moisture con- 
tents, the pH values, and the numbers of bacteria should be essentially 
the same at the surfaces and centers. After addition of salt to the surfaces 
of the pieces, the moisture no longer will be uniformly distributed and the 
bacterial action, as shown by changes in pH and bacterial numbers, will 
not be the same throughout a piece of curd until the salt becomes uni- 
formly distributed. The granular salt dissolves in the moisture on or 
near the surfaces of the pieces of curd and, since the moisture is the con- 
tinuous phase, the salt content tends to equalize throughout the entire 
mass by a diffusion of the salt and moisture. The salt moves toward areas 
of lower salt concentrations at the centers, while the moisture moves 
toward areas of higher salt concentrations at the surfaces. During the 
interval between salting and hooping, the high salt contents at the sur- 
faces inhibit bacterial action and may cause a decrease in the number of 
organisms, whereas at the centers very little salt is present and conditions 
are favorable for bacterial action, as indicated by the rapid decrease in 
pH and the probable increase in numbers of organisms. During the first 
five hours in the press large decreases in the salt contents at the surfaces 
make it possible for some bacterial action to take place there, while at the 
centers the salt contents still are not large enough to greatly retard bac- 
terial action; probably during the first five hours of pressing there are the 
greatest differences in bacterial changes at the surfaces and centers of the 
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pieces of curd. Later .in the pressing, continued small decreases in the 
salt contents at the surfaces of the pieces of curd tend to favor bacterial 
action, whereas increasing amounts of salt at the centers tend to inhibit 
bacterial action. Usually after pressing for 15 hours the centers of the 
pieces of curd contain enough salt to definitely retard bacterial: changes. 


Although the differences in the salt contents at the surfaces and centers 
of the pieces of curd affect the bacterial action during pressing, the differ- 
ences are of temporary nature and probably are not of importance in the 
final ripening of the cheese. At 72 hours after hooping the differences in 
the moisture and salt contents and the pH values at the surfaces and cen- 
ters usually are small, and a further equalization of the moisture, salt, 
and acid in the curd occurs early in the ripening period. 


SUMMARY 
With a modification of the volumetric micro-method described by Ogg 
et al. (1942) for the determination of salt, a reasonable degree of accuracy 
was obtained in salt determinations on Cheddar cheese. Micro-moisture 
determinations also were reasonably accurate. 


Moisture and salt contents, pH values, and numbers of bacteria were 
determined at the surfaces and centers of pieces of curd removed from 
longhorn Cheddar cheese at intervals during 72 hours after hooping the 
curd ; the cheese were in the press for the first 48 hours. 

The moisture contents decreased rather rapidly at both the surfaces 
and centers of pieces of curd during the first 15 hours of pressing, with 
the greatest loss occurring at the surfaces during the first five hours; after 
15 hours the losses in moisture usually were relatively small. 

The salt contents at hooping were relatively high at the surfaces of 
pieces of curd, while at the centers they were comparatively low. During 
the early part of the pressing rapid decreases in salt contents occurred at 
the surfaces, whereas at the centers there were conspicuous increases. 
After pressing for 15 hours the centers of the pieces usually contained 
1.0 to 1.4 per cent salt (average 1.4 per cent for the data in the graphs) ; 
24 hours after removal of the cheese from the press, differences in salt 
contents at the surfaces and centers of pieces of curd usually were small. 


The pH values at milling were essentially the same at the surfaces and 
centers of pieces of unsalted curd. When hooped the pH values at the 
surfaces had increased slightly, whereas at the centers they had decreased 
appreciably. During the first 15 to 24 hours in the press, the pH values 
decreased relatively rapidly at both the surfaces and centers, with the 
decreases being greater at the centers than at the surfaces during the first 
five hours. Late in the pressing the pH values decreased much more 
slowly, particularly at the centers; 24 hours after removal from the press 
the differences in pH values at the surfaces and centers of the pieces of 
curd were small. 

In Cheddar cheese ripened four months, the moisture and salt distri- 
bution was fairly uniform. 


W. H. HOECKER AND B. W. HAMMER 
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Investigations have indicated the importance of copper contamination 
of various dairy products, particularly from the standpoint of development 
of off-flavors. In the ease of butter, fishiness and tallowiness are specific 
flavor defects that apparently often are caused by such contamination. 

In the studies carried out in the Research Laboratory of the Sugar 
Creek Creamery Company on various defects of butter, color changes 
which apparently were related to high copper contents have been en- 
countered. Some of these are reported herein. 


METHODS OF COPPER DETERMINATIONS 


With butter, the following modification of the wet-digestion method 
described by Williams (1931) was used: Fifty grams of butter was 
weighed into a 250-ml. beaker and 15 ml. of concentrated nitrie acid 
added. The mixture was heated with constant stirring until both the 


fat layer and the aqueous portion became clear. The digest was allowed 
to cool somewhat and extracted three times with 100-ml. portions of ben- 
zene. The material remaining after removal of the fat was transferred 
to a 300-ml. Kjeldahl flask for the final digestion. After adding five ml. 
of concentrated sulfuric acid the mixture was heated carefully until the 
water had been driven off. Then more heat was applied and heating was 
continued for about one hour, when partial digestion had taken place. 
At this point a few erystals of sodium nitrate were added carefully, and 
heating continued until the digest became clear. The heat was again 
increased and continued until most of the sulfurie acid had been driven off. 

The digest was allowed to cool and the crystalline mass was dissolved 
in 10 ml. of hydrochloric acid (five parts acid to two parts water), the 
flask being warmed gently until solution was complete; in some of the 
later analyses the sulfuric acid was reduced to two ml. and this was not 
driven off at the end of the digestion. The material in the flask was 
transferred to a 50-ml. volumetric flask and an aliquot removed. 

A colored copper compound was developed in the aliquot, using the 
sodium diethyldithiocarbamate method described by Coulson (1937). The 
color was extracted with carbon tetrachloride and measured in a neutral 
wedge photometer, equipped with a Wratten No. 62 Hg green filter, which 
had been standardized against known copper solutions. Some of the later 
determinations were made by measuring the color of the copper compound 
with a Coleman Universal Spectrophotometer at a wave length of 440 mu. 

With parchment paper, the general procedure used was the same as 
with butter; the paper was digested with acid but the extraction with 
benzene was omitted because of the absence of fat. 
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RESULTS 

Example 1. A one-pound print of butter having large bleached areas 
on the surface and a pronounced tallowy flavor and odor was sent to the 
laboratory for an explanation of the abnormal condition. The butter came 
originally from a small plant in Kentucky. The copper content of the 
butter was found to be 1.26 p.p.m. and, presumably, the high value was 
related to the defect. The pH of the butter was 5.5. 

Example 2. Four quarter-pound prints of butter that were bleached 
on the surface were sent for examination from a plant in Arkansas. The 
bleached portion extended almost to the center of each print and -the 
butter had a very strong, tallowy flavor and odor. Determinations indi- 
eated an unusually high copper content of 9.9 p.p.m. The pH of the 
butter was 5.65. 

Example 3. Four one-pound prints of butter having bluish areas on one 
surface of each print were sent to the laboratory by a butter marketing or- 
ganization with a request for a study of the condition. In each instance 
the surface involved was the one on which the ends of the wrap cverlapped. 
During the holding of the butter in a refrigerated room the bluish areas 
slowly bleached and the bleached areas slowly increased in size; with the 
-bleaching, a tallowy flavor and odor developed. 

Copper determinations were made on butter from one of the prints 
with the following results: 


Bleached portion of print 14.4 p.p.m. copper 
Normal portion opposite surface showing bleaching 0.5 p.p.m. copper 





From the results it is evident that the copper content of the portion 
of the butter showing first the blue areas and then the bleaching was 
strikingly higher than that of the butter which remained normal in color; 
this suggests that a high copper content was related to the condition. Since 
with the four prints the face that showed the color defect regularly was the 
one on which the ends of the wrap overlapped, the copper contamination 
may have occurred in connection with the wrapping. 

Example 4. A one-pound carton of butter, consisting of four sep- 
arately wrapped quarter-pound prints, was forwarded to the laboratory 
for examination because the parchment on each print had a brown dis- 
coloration about one inch wide extending around the print near one end 
and the butter under the discoloration was bleached and also showed some 
brown color. The bleached portion extended about 0.2 inch into a print 
and had a pronounced tallowy flavor and odor. The remainder of each 
print was normal in color and flavor. The butter came originally from a 
Kentucky plant and had been wrapped on a machine about three weeks 
before it was sent to the laboratory. 

Each of two of the abnormal parchments was divided into three por- 
tions and each portion was analyzed for copper; one portion was made 
up of the discolored area and the others represented the center and an 
end, both of which were normal. Each of two normal unused machine 
wraps and two normal unused hand wraps also were divided and three 
portions analyzed (Table 1). With one of the abnormal wraps the discol- 
ored area had a copper content. of 309.8 yng. copper per square inch, com- 
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pared with an average of 4.07 wg. for the other two analyses. With the 
other abnormal wrap the corresponding values were 214.5 and 2.19 yg. 
The normal machine wraps contained relatively little copper; one con- 
tained from 0.26 to 1.18 wg. per square inch and the other from 0.19 to 
0.30 pg. A similar situation existed with the normal hand wraps; one 
contained from 0.16 to 1.54 yg. per square inch and the other from 0.16 
to 0.52 pg. 
TABLE 1 


Copper Contents of Portions of Abnormal and Normal 
Parchment Wraps 








Copper per square inch of wrap 


Paper examined Near end Center of End of 
of wrap wrap wrap 








ug. ug. ug. 
Abnormal wrap from defective butter 309.8" 3.62 4.53 
Abnormal wrap from defective butter 214.5* 2.38 2.01 
Normal machine wrap 1.18 0.34 0.26 
Normal machine wrap 0.30 0.29 0.19 
Normal hand wrap 1.54 0.29 0.16 
Normal hand wrap 0.16 0.33 0.52 




















1 Discolored area. 


The discolored portion of one of the prints of butter was carefully 
removed and analyzed for copper. Portions of the normal butter from 
the inside of the print and from the surface at the end of the print also 
were analyzed (Table 2). The bleached butter contained 36.29 p.p.m. of 
copper while the normal butter contained much smaller amounts. The 
data suggest that some of the copper from the discolored area of a wrap 
was transmitted to the butter directly beneath it. 


TABLE 2 


Copper Contents of Various Portions of a Bleached and 
Discolored Print of Butter 








Source of sample Copper 





p. p.m, 
TE — 36.29 
Normal portion, beneath bleached portion 0.46 
Normal portion, end of print 0.53 








Tests Involving Addition of Copper Salts to Cream Before Churning. 
In connection with various studies on the effects of added copper on 
butter, experimental churnings were made with addition of copper, usu- 
ally as euprie chloride, to cream shortly before churning. The trials 
involved variations in the amounts of copper, variations in the pH with 
the copper content remaining constant, ete. 

In general, the results indicated the great effect of added copper on 
the flavor of butter. With the added copper, fishiness often developed, 
particularly when the pH was relatively low, and this commonly was 
followed by a tallowy flavor and odor. Without the development of 
fishiness, tallowiness also occurred with sufficient holding. Eventually 
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tallowiness was evident in the control butter (without added copper), but 
it regularly appeared earlier with the added copper. The effect of the 
added copper in hastening the appearance of the tallowy flavor was very 
conspicuous and definite. In some cases the butter made with copper 
added to the cream was bleached after extended holding at temperatures 
approximating 4.4°C.(40°F.). This occurred most often when consider- 
able copper was added to the cream. 


DISCUSSION 

The relationship between the bleaching and the high copper contents 
in the commercial butter is in agreement with the general information 
along this line and also the results obtained on addition of cupric chloride 
to cream just before churning. The manner in which the bleaching spread 
from the surface to the interior of butter in which the copper presumably 
was rather uniformly distributed shows the importance of air supply in 
the bleaching; other factors also may be of significance in the change. 

The instance in which bleaching began beneath copper-contaminated 
portions of the wraps (from which copper could be added to the surface 
of the butter) and then spread to parts of butter which presumably were 
not so contaminated indicates that when the bleaching is once started it 
can progress through butter which otherwise probably would remain nor- 
mal in color. 

SUMMARY 

Various’ instances were encountered in which bleaching and tallowiness 
in butter were accompanied by high copper contents and apparently were 
related to them; in one instance there were blue areas on the butter before 
the bleaching began. 

In one instance the high copper content in the butter apparently was 
due to copper-contaminated wraps which had areas of brown discoloration. 

Experimental churnings made with added copper, usually as eupric 
chloride, showed the relationship of added copper to tallowiness in the 
butter and also to bleaching. 
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It was reported in an earlier paper by Geiger, Courtney, and Schnaken- 
berg (1944) that the muscle tissue of marine fish contains a biologically 
very active substance which was identified as histamine. The histamine 
content of the fresh fish was found to be very low, but it increases post 
mortem rapidly. The changes in the histamine content were so evident and 
so regular that it seemed to be promising to use the histamine content as 
a criterion for the freshness of fish. The following experiments were per- 
formed to ascertain whether the practical application of this method 
would be feasible. 


EXPERIMENTAL PROCEDURE 
Ten grams of muscle tissue were taken from different parts of the 
unprocessed or of the canned fish and finely ground in a glass mortar with 
purified sea sand. Fifty cubie centimeters of distilled water were added 


slowly and the resulting paste was quantitatively transferred into a 100-c.c. 
volumetric flask using for the transfer an additional 20 to 25 ¢.c. of distilled 
water. The solution was then adjusted to pH 4 to 5 using hydrochloric 
acid, and the flasks were heated in a boiling-water bath for about 20 min- 
utes. After cooling, distilled water was added to the 100-c.c. mark, and 
the mixture was well shaken and filtered by gravity through fluted shark- 
skin paper. Two c.c. of the filtrate are usually enough for the assay. Prior 
to the bio-assaying, one to two drops of rosolic acid solution (0.1 gram 
in 100 ¢.c. of 50 per cent ethanol) were added as an indicator and the 
filtrate was neutralized with solid powdered sodium carbonate to a slight 
pink color (pH 7.2). Preliminary experiments proved that histamine 
added to the tissues could be satisfactorily recovered by this method. 

« The histamine content was assayed on the isolated guinea pig intestine, 
|Minard (1939) and Guggenheim (1940)] as follows: A guinea pig, 
starved for 24 hours, was killed by a blow on the head; the ileum was re- 
moved, placed in Ringer-Locke solution,’ and kept in the icebox. A segment 
of the gut (two to three em. long) was suspended in 20 ¢.c. aerated Ringer- 
Locke solution [temp. 37°C.(98.6°F.)] and connected with a frontal writ- 
ing lever. The contractions were recorded on a smoked kymograph drum. 
After 30 minutes in the bath, the bio-assay was started using as standard 
a solution of histamine-diphosphate 0.110-°. The filtrate of the fish 
extract was diluted for the assay to 1:10, 1:100, or 1:1000. We determined 
first the contraction of the gut after addition of 0.5 ml. of the standard 
solution, and after washing the bath with the Ringer-Locke solution 0.5 ml. 


*The Ringer-Locke solution contained NaCl 0.9 per cent; KCl 0.042 per cent, CaCl 
0.024 per cent, NaHCO; 0.015 per cent, dextrose 0.1 per cent, atropin 0.001 per cent. 
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of the diluted test solution was added to the bath. Using different amounts 
of the test solution we determined the dilution which had the same activity 
as the standard solution. From these data the histamine content of the 


test solution was calculated. 

The values obtained by the biological assay include also the so-called 
‘*histamine-like’’ substances, which, however, do not interfere with the 
practical application of the method. 
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Fig. 1. Increase in histamine content with time of incubation. 





EXPERIMENTAL RESULTS 


We found in the experiments with California sardines (Sardina caeru- 
lea) and with mackerel (Pneumatophorus jap.) that the histamine content 
in the fresh fish is very low; for instance, mackerel caught alive and 
frozen immediately in dry ice to assure maximum freshness contains only 
0.09 milligram per 100 grams of tissue. The histamine content of fresh 
frozen sardines was also very low, the values varying between 0.2 and 1 
mg. per 100 grams of tissue. 

The histamine present in the muscle tissue increases rapidly as shown 
(Fig. 1). The samples were kept at room temperature of 20 to 25°C. 
(68 to 77°F.). The histamine production seems to be the result of. bac- 
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terial action as discussed more extensively in a previous paper by Geiger 
et al. (1944). 

It was shown that canning of sardines in mustard or tomato sauce 
(vacuum pack) or processing of mackerel in ‘‘natural sauce’’ (salt solu- 
tion) does not interfere with the histamine determination. We assayed the 
histamine content of fresh and incubated fish samples before and after 
eanning and found, for example: 


Fresh sardines before canning 4.5 mg. histamine per 100 gm. tissue 
After canning in tomato sauce 3.6 mg. histamine per 100 gm. tissue 
Sardines incubated for 12 hours before canning 30.0 mg. histamine per 100 gm. tissue 
After canning 27.0 mg. histamine per 100 gm. tissue 
Sardines incubated for 24 hours before canning 62.0 mg. histamine per 100 gm. tissue 
DE etki indians 50.0 mg. histamine per 100 gm. tissue 
Fresh? mackerel before canning 5 . histamine per 100 gm. tissue 
After canning. . . histamine per 100 gm. tissue 
Mackerel incubated for 24 hours before canning....... . histamine per 100 gm. tissue 
SE I inicsrcetaensscsicerniennsstisivisnincinientiiens 30.0 mg. histamine per 100 gm. tissue 





Obviously the values after canning are somewhat lower. It was found 
that the liquids present in the can also contain some histamine, probably 
by diffusion from the tissues, but for practical purposes it is unnecessary 
to change the method or to make a correction for these losses. 

The precooking of fish in steam, as in processing tuna before canning, 
does not change the histamine content. The histamine content of fresh 


albacore was found to be 2.5 mg. per 100 gm. tissue. After steaming, 
canning in oil, and retorting the value was 3.0 mg. per 100 gm. tissue. 

The practical value of the histamine determination was demonstrated 
in the following experiments : 

(a) In four commercial cans of tuna, we found histamine values of 
1.5, 2.4, 2.8, and 3.0 mg. per 100 gm. tissue. In four experimental cans 
packed the same way as above but with stale fish, we found 48, 35, 64, and 
72 mg. histamine per 100 gm. tissue. 

(b) We received from the Food Distribution Administration six cans 
of tuna for bio-assay.* The histamine values of these cans were 15, 22, 
18, 28, 30, and 16 mg. per 100 gm. tissue. These values are considerably 
higher than found in the average commercial can. None of the cans smelled 
strong enough for rejection. After submitting our data we were informed 
that the cans were packed with a definitely tainted fish. The fish lost the 
odor during the processing (precooking for two hours under five pounds 
pressure of live steam) but the histamine content still indicated the decom- 
posed nature of the canned product. 

(ec) Through the courtesy of local representatives of the Food and 
Drug Administration we received two cans of tuna belonging to experi- 
mental packs. Can A contained according to our tests 2.4 mg. histamine 
and Can B contained 74.0 mg. histamine per 100 gm. tissue. The informa- 
tion received after bio-assaying—that Can A contained fresh tuna and 


?<¢Fresh’’ means the condition of the fish upon arrival at the cannery, being usually 
four to six hours out of water. 
* We are indebted to Mr. T. R. Hallatt for these samples. 
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Can B was derived from a fish already 72 hours out of water—corrobo- 
rated the correctness of these values. 


(d) A commercial pack of albacore contained according to our bio- 
assay four mg. per cent. An experimental pack of honeyecombed albacore 
showed the high value of 170 mg. per cent. A commercial can of yellow- 
tail contained 3.5 mg. per cent. An experimental pack of honeycombed 
yellowtail contained 110 mg. per cent. 

(e) Two cans of sardines packed in tomato sauce were compared. Can 
A contained 4.5 mg. per cent, and Can B contained 37 mg. per cent hista- 
mine. Can A was a perfect can, but Can B was rejected on basis of smell 
test. Similarly, a can of perfect mustard sardines contained 3.5 mg. per 
cent in comparison with a can rejected by the organoleptic test containing 
42 mg. per cent. 

DISCUSSION 


The methods hitherto proposed for evaluating the freshness of fish 
can be grouped, according to Clague (1942), into three categories: the 
organoleptic, the bacteriological, and the chemicophysical methods. The 
bio-assay method proposed above could be added as a fourth method for 
evaluating the relative freshness. This method seems to have the following 
advantages: (a) it can be learned easily even by an inexperienced techni- 
cian; (b) the equipment is inexpensive, a student kymograph, some glass- 
ware, and an aquarium mist pump for aeration of the bath being all 
the equipment necessary to carry out the tests; (c) several tests can be 
performed in a relatively short time; and (d) the strips of the same 
guinea pig ileum can be used up to 10 days if kept at 5 to 8°C.(41 to 
46.4°F.) and the Ringer-Locke solution is changed every 48 hours, Minard 
(1939). 

As to the values ascertained by the outlined method, we find that the 
histamine content of fish which was not out of water more than six hours, 
or which was kept frozen during transport to the cannery, is usually 
lower than six mg. per 100 grams of tissue. Also the changes in the hista- 
mine content during the first 24 hours after catching of the fish seem to 
be more marked than the changes in odor, appearance, the pH, free acids, 
or volatile bases. Another advantage of the method seems to be that the 
processing of the fish, such as precooking in steam, which interferes with 
the subsequent determination of volatile substances, doesn’t change the 
histamine content. 

We do not feel ready to set standards for the freshness of the fish in 
terms of the histamine content, but on the basis of our experimental data 
we assume that fish containing more than 10 mg. ‘‘histamine-like’’ sub- 
stances per 100 gm. tissue should not be regarded as ‘‘fresh.’’ 

We are quite aware that the experiments performed are so far rela- 
tively small in number, but as the results were uniform we feel justified 
in publishing them in order to stimulate similar experiments in other 
laboratories. 

SUMMARY 


It is proposed to use the determination of the histamine content as one 
criterion for the relative freshness of fish. 





HISTAMINE CONTENT OF UNPROCESSED AND CANNED FISH 
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The inhibition of autoxidation in fats has received much study with 
the view of obtaining the mechanism of both the autoxidation and its 
inhibition. In spite of all this work, the approach to these problems has 
remained for the most part empirical. However, it is known that certain 
polyphenols, polyearboxylic acids, and amines have the ability to retard 
the oxidation of fats and certain other autoxidizable substances, Bailey 
(1937). 

Although it has been observed that milk contains certain substances 
which act as antioxidants to retard the onset of rancidity of milk fat very 
little attention has been paid to the effect of other compounds in inhibit- 
ing the oxidation of milk fat or other fats in a skim-milk medium. It has 
been shown that the concentration of milk by the removal of part or all 
of the water will increase the length of the induction period of the milk 
fat, Corbett and Tracy (1940) and Russell and Dahle (1943). This effect 
has been assigned by Corbett and Tracy (1940, 1941) to the agency of the 
citrates and amino acids or their esters which are found in milk. Besides 
these, the glucosamine of the trisaccharide attached to the casein and the 
phospholipids may exert some further antioxygenic influence, Lea (1939). 

Since it has already been pointed out by Oleott and Mattill (1934) 
and Gyérgy, Tomarelli, and Williamson (not yet published) that antioxi- 
dants do not behave in quite the same manner in different systems and for 
different fats, it was considered that the study of the effect of antioxidants 
on fats contained in a natural complex system, such as dried skim milk, 
would be of value. The large concentration of protein and carbohydrate as 
well as the presence of numerous other inorganic and organic compounds 
might be expected to have some altering effect on the inhibition of rancidity 
by various added antioxidants. This might occur not alone in butterfat but 
also in other fats in this type of system. 

It was the purpose of this study to find the effect of different antioxi- 
dants on mixed animal and vegetable fats when distributed through a 
biochemically diverse system, such as dried skim milk. 


EXPERIMENTAL PROCEDURE 

From a preliminary experiment a number of substances which had 
proved themselves good antioxidants for a simple system, such as redis- 
tilled linoleic acid (the chief impurity being oleic acid), were chosen to be 
used in this experiment. Besides, a number of naturally occurring sub- 
stances which were reputed to have antioxygenic potency were included, 
Gyorgy and Tomarelli (1943). Since it has been known that thiourea will 
retard the oxidation of ascorbic acid, its possible capacity as a fat anti- 
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oxidant was considered of interest to be tested, Fearon (1942). The 
substances which were assayed for their antioxygenic potency and the 
concentrations used are listed (Table 1); the composition of the dried 
milks which were used to assay the antioxidants is shown (Table 2). 


TABLE 1 
Substances Assayed for Antioxygenic Potency in Milk Powders 
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TABLE 2 
Composition of Dried Milks Used for Testing Antioxidants 
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The experiment was carried out in the following manner. One hundred 
grams of the dried milk were thoroughly mixed with the specified amount 
of the substance to be assayed by grinding with a mortar and pestle. The 
final mixture was then placed in a brown bottle with a loosely fitting cap 
and incubated at 37°C.(98.6°F.) in the dark. At approximately weekly 
intervals five-gram samples of the mixtures were extracted and analyzed. 

The extraction was carried out by mixing the five-gram aliquot with 
four ¢.c. of 95 per cent ethanol in a 50-ml. centrifuge tube until a stiff 
paste was formed. Then five ¢c.c. of chloroform were added and the paste 
dispersed to a fine, smooth suspension. About 30 ¢.c. more of chloroform 
were added, and after thorough mixing the suspension was centrifuged. 
The supernatant liquid was then decanted through a filter paper into a 
100-ml., round-bottom flask. The extraction was repeated. The combined 
extraction solvents were distilled off under reduced pressure by heating 
on a water bath. The extracted fats were weighed and found to be between 
90 and 95 per cent of the total fat in the aliquot. The extraction procedure 
was found not to affect the Peroxide or Iodine Numbers of the fats since, 
when various rancid fats were mixed with skim-milk powder and extracted, 
there was no appreciable change in these values for the fats. Duplicate 





300 MARTIN B. WILLIAMSON 


samples of the extracted fat were weighed out for the analyses. The 
Iodine Numbers of the fats were determined by the method of Hanus. 
Peroxide Numbers were obtained by the method described by Lea (193%). 


RESULTS AND DISCUSSION 


The results of these analyses are shown (Table 3); it was judged by 
chemical criteria that the fats were rancid when the Peroxide Number 
exceeded 20 millimoles per 1000 grams. By organoleptic test, the fats 
usually showed an ‘‘off’’ odor very shortly before they were chemically 
rancid. 

The Iodine Number of all the samples remained essentially the same 
throughout the experiment. The Iodine Number of the fats was followed 
on the presumption that it would decrease upon formation of peroxides 
and their subsequent decomposition. Even when the Peroxide Number rose 
to 134.5 millimoles the Iodine Number showed no decrease beyond that 
which can be accounted for by experimental error. The double bonds 
replaced by peroxide groups to give this Peroxide Number are relatively 
few as compared with the total number of double bonds. Although this 
Peroxide Number is indicative of a high degree of rancidity, the Iodine 
Number is not significantly affected. 

Of all the control samples that of Fat C had the longest induction 
period. This extended inhibition of rancidity is probably due to the soy- 
bean oil content of this fat, since it has been shown that soybean oil con- 
tains significant quantities of tocopherols and other substances which act 
as strong antioxidants, Golumbie (1942). Although Fat D also contained 
soybean oil, it was only a minor constituent here, being less than half the 
concentration as found in Fat C. 

The samples containing the added antioxidants had in every case, with 
the exception of Avenex which is doubtful, an increased induction period. 
Thus the previous finding of Gyérgy and Tomarelli (1943), that rice bran 
contains a substance or substances which have antioxygenie potency, is 
confirmed. This also substantiates the fact that mono-ethers of hydro- 
quinone will act as good antioxidants for fats, Gyérgy, Tomarelli, and 
Williamson (not yet published). 

It is of special interest to note that almost invariably the Peroxide 
Numbers of the fat samples containing thiourea were much lower than 
those of other samples containing other antioxidants. This is undoubtedly 
due to the oxidation of the small amounts of thiourea, carried over in the 
extraction solvents, by the iodine liberated from the KI by the fat per- 
oxides. This was shown to be the case when different samples of the same 
fat containing various antioxidants, including thiourea, were analyzed for 
their Peroxide Numbers. In every case the Peroxide Number was the same 
as that of the untreated sample with the exception of the thiourea which 
gave a marked reduction. Quantitative titrations of an aqueous solution 
of thiourea with acid IBr indicated the following reaction to have taken 
place : 


NH 1 
> C—S—S— 
NH: NH: 
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Peroxide Numbers 
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From this it might be considered that the thiourea would effectively 
mask the true Peroxide Number so that the rancidity of the fat could 
not be detected until long after the induction period. However, Kitamura 
and Suzuki (1938) have shown that thiourea will also react with peroxides 
to form a sulfinie acid, which in turn may be oxidized to a sulfonie acid 
according to the following scheme: 


| | 
: oon + C—S0H 





NH: NH: 


Thus until the fat has generated enough peroxides to completely oxi- 
dize the thiourea. it is expected that the apparent Peroxide Number will 
be low. At the same time, the fat peroxides will be removed by the thiourea 
so that rancidity will be delayed; but following the complete oxidation of 
the thiourea there will be a sharp rise in Peroxide Number. This is espe- 
cially well illustrated in the case of Fat B where the Peroxide Number 
rose from 6.2 to 81.2 millimoles in a week when thiourea was the anti- 
oxidant used. 

Unpublished experiments from this laboratory by Gyérgy, Tomarelli, 
and Williamson on the inhibition of rancidity of linoleic acid by thiourea 
have shown this compound to be of no value as an antioxidant in a non- 
aqueous system. It is known that the tautomerization of thiourea to the 
thiol requires the presence of water, Rivier and Borrel (1928). In a 
nonaqueous medium the step previous to Equation 2 (shown as the first 
step of Equation 1) cannot take place and hence the function of thiourea 
as a fat antioxidant cannot be fulfilled. 

The necessity for the presence of water in this reaction was tested in 
the following manner. To samples of a mixture of 80 per cent corn starch 
and 20 per cent linoleic acid (Iodine Number, 150) were added thiourea 
and varying amounts of water. After incubation for six days at 30°C. 
(86°F.) the fat was extracted with chloroform and the Iodine Number 
determined ; results are shown (Table 4). 

From the results of this experiment it is obvious that water is required 
to be present before thiourea can act as a fat antioxidant. In the ease 


TABLE 4 
Effect of Water on Antioxygenic Activity of Thiourea 
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of the fats in the skim-milk medium there was at least two per cent 
of moisture present which permitted the tautomerization of the thiourea 
and the subsequent reaction with the fat peroxides. 

The above explanation still leaves open the problem of how the organic- 
solvent, insoluble thiourea comes in contact with the water-insoluble fat so 
that oxidation of the thiourea may take place. It seems probable that the 
oxidized fat molecule orients itself so that the relatively highly polar 
peroxide group could be immersed in the water while the rest of the 
molecule would remain on the other side of the fat-water interface. This 
would be an analogous situation to that displayed by long-chain fatty 
acids layered on water where the carboxyl group is dissolved in the water 
while the rest of the molecule is not. It would then follow that the pres- 
ence of some hygroscopic substance, such as protein, would be helpful in 
keeping the water, containing thiourea, in intimate contact with the fat. 

The author is indebted to Dr. Paul Gyérgy and Dr. W. I. Patterson for 
their many helpful suggestions in the execution of the experiment and 
preparation of the manuscript. 

SUMMARY 


A number of antioxygenic substances were tested for their potency on 
different mixed fats which were incorporated into skim-milk powder. It 
was found that antioxidants which normally protect fat alone will also 
protect it in this medium. It was further observed that thiourea, which 
normally does not have any antioxygenic power for fats, protects the fat 


when combined with skim-milk powder. This is shown to be due to the 
presence of water. The theory of this action is discussed. 
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The qualities of a cheese that assure satisfactory performance in cook- 
ing and the best methods of cookery are not well established. The study 
reported here was undertaken to clarify some of the existing ideas about 
cheese cookery. 

After a survey of a large number of cheese recipes, it appears that 
the practices of cheese cookery may be classified under three general 
methods of heat treatment: first, the melting of cheese by direct heat as 
in toasted sandwiches and in casseroles and other dishes having a cheese 
topping; second, the melting of cheese over hot water as in some cheese 
sauces; and third, the combination of cheese with other ingredients before 
heating as in cheese sauces, souffles, rarebits, ete. The majority of cooked 
cheese dishes belongs to the last group. 

The cookery of cheese by any of these methods may present certain 
difficulties: the fat may separate, the cheese may become tough and stringy, 
or it may fail to blend satisfactorily with the other ingredients. Lowe 
(1943) states that an aged cheese, having considerable of its nitrogenous 
constituents in soluble form, tends to blend readily with other ingredients 
whereas an insufficiently ripened cheese may fail to combine. She recom- 
mends a temperature of 40 to 50°C.(104 to 122°F.) in preference to 60 to 
70°C.(140 to 158°F.) for the blending of cheese with other ingredients 
and suggests that stirring aids in emulsifying the fat and so prevents its 
separation. Sweetman (1937) and Macleod and Nason (1937) stress the 
importance of low temperatures and short heating periods to avoid string- 
ing and toughening of the heated cheese. 

The effects of the composition of the cheese, the degree of ripening, the 
intensity and length of the heat treatment, and the reaction of the dis- 
persing medium were investigated in this study. The soluble nitrogen was 
determined for many of the samples to investigate the relationship be- 
tween the cooking behavior of a cheese and its content of soluble protein. 


EXPERIMENTAL PROCEDURE 


Samples: Six lots of Cheddar cheese were prepared by the Dairy In- 
dustry Department of the University of Wisconsin. All were made from 
pasteurized milk. Most of each lot of curd was pressed into lacquered 
eans (No. 2 size), hermetically sealed, and allowed to ripen at 7.2°C. 


+ Published with the approval of the director of the Wisconsin Agricultural Experi- 
ment Station. 

? Now on the staff of the New York State College of Home Economics, Cornell Uni- 
versity, Ithaca, N. Y. 
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(45°F.). Some of each curd was made into 20-pound daisies and paraffined. 
These lots included two cheese of normal composition, two of !ow fat con- 
tent (21 and 2 per cent), one of low moisture content (36 per cent) and 
one of high moisture content (40 per cent). Experimental data were 
obtained at various intervals of storage over a period of one year. 

Other cheese samples were obtained on the retail market. For these 
the type and approximate age were known. 

Method of Sampling for Chemical Analysis: One-half of each sample 
of cheese was used for the ‘‘cooking tests’’ and the other half for chemical 
analysis. The latter was ground through a meat grinder four times and 
then transferred to tightly stoppered bottles and stored at 4.5 to 10°C. 
(40 to 50°F.) until tested. The storage period never exceeded 72 hours. 

Acidity (pH): A Beckman pH meter, laboratory model, was used to 
determine the acidity of the cheese, the electrodes being inserted into a 
five-ml. beaker filled with the ground cheese and the pH read directly. 
Readings were taken on duplicate samples for each cheese. 

Moisture and Fat: Moisture determinations were made according to 
the method recommended by Wilster, Price, Morris, Goss, and Sanders 
(1937). Fat was determined by the Babcock method as described by 
Wilster et al. (1937). 

Nitrogen: The Kjeldahl-Gunning-Arnold method was employed for all 
nitrogen determinations. The data are reported as the percentage of pro- 
tein in the samples. The factor 6.25 was used in calculating the percentage 
of protein from the percentage of nitrogen determined. 

Extraction of Soluble Nitrogen Fractions: The nitrogen fractions solu- 
ble in one-per cent and five-per cent NaCl solutions were extracted from 
the cheese. Since it is known that the solubility of casein and paracasein 
in water solutions is affected by the salt content and the acidity of the- 
solution, Sharp and MeInerney (1936), it seemed desirable to control the 
reaction of the extracting medium. Acetate buffer solutions of pH 4.6 
were used, since casein and paracasein would be expected to be least 
soluble at this acidity. Also 0.2 per cent CaCl, was added to the solutions 
so that small differences in the caleium content of the cheese samples 
would not affect the solubility of the cheese proteins. 

An adaptation of the method of Van Slyke and Hart (1902) was used 
for the extractions. Ten grams of cheese and 20 grams of sea sand were 
ground to a homogeneous mixture by mortar and pestle. The mixture was 
transferred to a beaker containing 200 e.c. of buffer solution and main- 
tained at 50 to 52°C.(122 to 125.5°F.) in a constant-temperature water 
bath for one hour. The mixture was agitated by means of automatic 
stirrers throughout the extraction. The material was then filtered through 
cotton and the filtrate kept in a stoppered flask under refrigeration until 
the nitrogen determinations were made. The period of storage did not 
exceed 24 hours. Nitrogen determinations were made in triplicate. 

Evaluation of Cooking Quality: The methods used to evaluate the 
cooking quality of the cheese samples were entirely subjective. The inac- 
euracies of such subjective measurements are recognized but the differ- 
ences were marked and it is believed that the observations are reliable. 
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The qualities considered in rating cooking quality included softening and 
melting characteristics, stringing, toughening, fat separation, and matting. 
The cooking quality of a cheese was rated good if the sample, when sub- 
jected to the heat treatments described below, (1) softened and melted 
readily; (2) rémained tender; (3) either showed no tendency to string 
or formed very short, thin strings which broke easily; and (4) did not 
mat when the sample was heated in a liquid medium. Excessive fat separa- 
tion was considered an undesirable quality. A progressively lower quality 
rating was assigned as the samples showed an increasing tendency to 
toughen and mat and to form thick and tenacious strings. 

The following heat treatments were used in the study of cooking 
quality : 

Direct Heat: Samples of cheese three-eighths of an inch in thickness and two inches 
in diameter were placed on a thin piece of wood and exposed to the direct heat of the 
broiling unit of an electric range. The position of the samples was such that they 
were exposed to a temperature of about 176.7°C.(350°F.). Samples were removed after 
two, two and one-half, and three minutes of exposure, and observations were made on 
the extent of softening and melting, length and thickness of strings, toughness, and 
degree of fat separation. The tests were made in duplicate. 


The softening point was designated as the point at which a sample of cheese began 
to lose its sharp edges and to spread at the base; the melting point as the stage when 
the sample became semifluid in consistency and flattened, completely losing its original 
form. 

Stringing was determined by placing a knife in the heated cheese and drawing it 
out slowly. The length to which the strings could be pulled before breaking and their 
thickness were noted. To eliminate the effect of variations in temperature, all samples 
were examined for stringing immediately after heating. 

The resistance offered by a sample when pressed with the finger was used as an 
indication of toughness. Tender samples were readily depressed, while tough ones did 
not yield to pressure. Differences in toughness were more apparent after cooling, there- 
fore these observations were made after the samples had cooled to room temperature. 

Fat separation was measured by the relative amount of fat separating from the 
samples during heating. 

Heating Over Hot Water: Samples of cheese three-eighths of an inch in thickness 
and one and one-fourth inches in diameter were placed on a shallow, flat-bottomed pan 
over a water bath maintained at temperatures of 75°C.(167°F.) and 100°C.(212°F.) 
and held at these temperatures for 10 minutes. Observations were made as for the 
samples exposed to direct heat. The tests were made in duplicate. 

Heating in a Liquid Medium: Each cheese was heated in (1) an acetate buffer 
solution, pH 5.4; (2) a phosphate buffer solution, pH 6.6; and (3) distilled water. 
Ten-gram portions of ground cheese were added to 100 c.c. of liquid which had been 
heated in a water bath to temperatures of 65°C.(149°F.) and 85°C.(185°F.). The 
mixtures were maintained at these temperatures for 10 minutes and were stirred at two- 
minute intervals. Samples were then examined for matting, stringing, and toughening. 

With this procedure three typical behaviors were noted: the cheese remained sus- 
pended in hard, ecurd-like particles; it matted forming a firm, tenacious mass; or it 
formed gelatinous particles that were readily dispersed in the liquid. The second type 
of behavior was designated as matting. 

Stringing was determined by drawing a glass rod out of the mixture. If stringing 
occurred, the length and thickness of the strands and the ease of breaking were observed. 

Finally the liquid was decanted from each mixture and the toughness of the residual 
cheese mass was tested. The pH of the decanted liquid was determined. 


Acidity of Cheese Mixtures: Nine Cheddar cheese samples were tested 
in a series of buffer solutions varying in pH from 4.0 to 8.0 to further 
investigate the effect of pH on the behavior of heated cheese mixtures. 
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The procedure was the same as for the tests just described in which cheese 
was heated in a liquid medium. 
RESULTS 

Composition and Aging: A summary of the data obtained in studying 
the six cheese prepared by the Department of Dairy Industry is presented 
(Table 1). A progressive increase in the percentage of the total protein 
soluble in one-per cent and five-per cent NaCl solutions was found for all 
samples over a 12-month period of ripening. The differences noted for a 
given cheese sample in the percentage of the total protein which was solu- 
ble in one-per cent and in five-per cent NaCl solutions are probably within 
experimental error; at least these differences show no consistent trend. 


TABLE i 


Composition and Cooking Quality of Six Cheddar Cheese Aged for Three, 
Siz, and 12 Months 
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All cheese of normal fat content exhibited a progressive improvement 
in cooking quality during ripening. However, the cheese of low fat con- 
tent were found in all tests to form thick strings, to be very tough after 
heating, and to mat. These differences cannot be accounted for on the 
basis that a relatively small percentage of the cheese proteins existed in 
soluble form. 

The high-moisture cheese was consistently judged somewhat superior 
in cooking quality to the samples of normal fat content and normal or 
low moisture. This was most noteworthy in the samples that had been 
aged for six months. The percentage of the protein in soluble form agreed 
closely with the values for the other samples. The low-moisture sample 
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showed least improvement in cooking quality at the end of a 12-month 
period of aging. Although the percentage of soluble protein was lower 
for this sample than for any of the others, this difference was not great 
and it is doubtful that it is significant. 

The acidity (pH) of all samples fell within a narrow range, pH 5.2 
to 5.4, and does not seem to account for any of the differences observed 
between samples. 

After six and 12 months of ripening a comparison was made of the 
normal-fat cheese samples ripened in cans and the corresponding samples 
ripened in daisies. At both periods the samples ripened in cans had the 
higher moisture content. In general the cheese ripened in cans showed 
superior cooking quality at the six-month storage period but the difference 
was not apparent in the samples ripened for 12 months. The total protein, 
the percentage of protein soluble in one-per cent and five-per cent NaCl 
solutions, and the pH showed no consistent differences. The daisies, like 
the samples ripened in cans, showed a progressive increase in the percent- 
age of the total protein that was soluble in one-per cent and five-per cent 
NaCl solutions with aging. There was a concurrent improvement in cook- 
ing quality. The high-moisture cheese showed the greatest improvement 
in cooking quality with ripening and the low-moisture cheese again exhib- 
ited the least desirable behavior. 

Intensity and Length of Heat Treatment: In the tests in which cheese 
samples were heated over water at temperatures of 75°C.(167°F.) and 
100°C.(212°F.) the samples softened more rapidly at the higher tempera- 
ture. These samples also showed greater fat separation, formed longer 
strings, and were toughened to a greater degree as the result of heating. 

Similarly the cheese samples that were exposed to direct heat, approxi- 
mately 176.7°C.(350°F.), showed greatest fat separation, tended to form 
the longest strings, and were toughened to the greatest degree with the 
longest heating periods. 

The temperature of heating appeared to be less important than the 
acidity of the mixture in determining the behavior of the cheese samples 
that were heated in a liquid medium. However, when matting of the 
samples occurred, the mats formed at 65°C.(149°F.) were less tough than 
those at 85°C.(185°F.). Temperature had little effect on the extent of 
stringing and matting. The strings did tend to be shorter and the matted 
cheese softer at the higher temperature but as this mixture cooled to a 
temperature near 65°C.(149°F.), the degree of matting and length of 
strings were almost identical in the samples held at the two temperatures. 

Reaction of the Dispersing Medium: The behavior of a given cheese 
when heated in a liquid medium varied greatly with the acidity of the 
liquid (Fig. 1). Within the acidity range pH 4 to 8 matting of the cheese 
samples on heating occurred between pH 4.7 and 5.7 and again at pH 5.9. 
The exact pH range at which matting was observed varied for the different 
samples (Table 2). In general the range was narrower for the more aged 
cheese. In more acid solutions (below pH 4.7 to 5.0) the cheese separated 
from the liquid in the form of hard, curd-like particles; in less acid solu- 
tions (above pH 5.9) the samples became progressively more dispersed. 
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Fie. 1. The pH range within which matting, stringing, and toughening of cheese 
samples heated in solutions, pH 4.0 to 8.0, were observed. 


TABLE 2 


Effect of Acidity of Liquid in Which a Cheese Is Heated on Matting, Stringing, 
and Toughening of Green and Aged Cheese 
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In general the acidities at which matting occurred were also character- 
ized by pronounced stringing of the cheese. An increase in the length and 
thickness of the strings appeared to parallel the extent of matting. Cheese 
samples heated in solutions of pH 5.9 and 5.6 and lower were tough, while 
in solutions of pH 5.8 and 6.0 and above, they were either soft and gel- 
atinous or quite completely dispersed. 


DISCUSSION 


In general the results obtained in this study support the idea that 
aging improves the cooking quality of Cheddar cheese. That this improve- 
ment is related to the increase in the solubility of the cheese proteins is 
suggested by the fact that the two changes run more or less parallel. How- 
ever, the behavior of the low-fat and of the low- and high-moisture cheese 
indicates that other factors are also involved. 

Apparently on heating, the fat of a normal cheese softens or melts and 
its distribution throughout the cheese mass contributes to the consistency 
and tenderness of the heated product. When fat is not present, the tend- 
ency for mat formation and stringing are greatly exaggerated. It is quite 
possible that the role of the fat is largely a mechanical one preventing the 
formation of a continuous protein mass. 

Several workers have shown that a high-moisture cheese ripens rel- 
atively rapidly which suggests that such cheese should show superior 
eooking qualities. This idea is supported by the results obtained with the 
high-moisture cheese and by the relatively better cooking quality of the 
cheese ripened in cans compared with the daisies. The differences in the 
amount of soluble protein as determined in these cheese were not such as 
to account for the differences in cooking quality observed. 

Perhaps the most interesting observations made are those in relation 
to the importance of the acidity of the mixture in determining the be- 
havior of cheese when heated in a liquid. The idea that the solubility of 
cheese proteins is largely a reflection of the acidity of the solvent is not 
new, but the significance of this in relation to the problems of cheese 
cookery has not been widely considered. 

The data presented might be taken to indicate that the acidity of the 
medium is the most important factor in determining the behavior of a 
cheese when combined with other ingredients and heated. It should be 
pointed out, however, that all of the buffer solutions of pH 5.8 to 8.0 were 
phosphate buffers. It is quite possible that the ability of the phosphates 
to remove calcium is responsible, at least in part, for the dispersion of the 
cheese in these solutions. No explanation is known for the anomalous be- 
havior of several of the samples at pH 5.9. 

The results of this study suggest the possibility of improving the cook- 
ing characteristics of a cheese mixture using (1) sodium acid carbonate 
to reduce the acidity of the mixture or (2) a salt such as sodium citrate 
to remove calcium when combining cheese with other ingredients and 
cooking. Preliminary studies show both to be effective but, when using 
baking soda, the minimum amount necessary to prevent matting and 
stringing of a simple milk-cheese mixture unfavorably affected the flavor. 
The use of the citrate shows promise. 
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The observations on the importance of temperature in cheese cookery 
in general substantiate the common view that low temperatures are to be 
preferred. The fact that the degree of matting and stringing of cheese- 
liquid mixtures was less when heated at 85°C.(185°F.) than when heated 
at 65°C.(149°F.) was not anticipated. Since this was only a temporary 
difference which disappeared as the mixture was cooled, it probably has 
no practical significance. 

SUMMARY 


Six Cheddar cheese studied over a 12-month period of ripening showed 
a progressive increase in the amount of the total protein that was soluble 
in acetate buffer solutions, pH 4.6, containing one per cent and five per 
cent sodium chloride. 

Four Cheddar cheese of normal fat content showed a progressive im- 
provement in cooking quality over a 12-month period of ripening. This 
improvement was more rapid in a high-moisture cheese. In general, cheese 
ripened in hermetically sealed cans showed a more rapid improvement in 
cooking quality than part of the same curd ripened in a daisy. 

There was no direct correlation between the percentage of the total 
protein that was soluble and the observed cooking quality. However, the 
cooking quality improved and the amount of soluble protein increased 
with the length of the ripening period. 

Low-fat cheese were conspicuously poor in cooking quality. 

Relatively high temperatures and long periods of heating tended to 
cause greater separation of fat from a cheese; matting, stringing, and 
toughening of the cheese mass were also increased. 

The acidity and the ion content of the liquid with which a cheese is 
combined apparently affect the blending qualities and the tendency of the 
mixture to mat or string on heating. Between pH 5.2 and 5.6 the greatest 
tendency for matting and stringing was observed. At acidities between 
pH 4.0 and pH 4.7 to 5.0 the cheese separated from the liquid with which 
it was combined as hard, curd-like particles, while within the range pH 
5.8 to 8.0 appreciable dispersion was observed. It is possible that the 
caleium-removing property of the phosphates in the buffer solutions of 
pH 5.8 and above played a major part in increasing the dispersion of the 
cheese. 
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Since 1937 there have been many reports in the literature giving the 
riboflavin content of milk and milk products. The results have varied 
widely. The ranges of values in some instances are for liquid whole milk, 
0.6 to 3.4 wg. per ml.; dried skim milk, 13.05 to 29.4 pg. per gm.; dried 
whole milk, 9.3 to 29.8 wg. per gm.; and dried whey, 18.1 to 59.0 ug. per gm. 

Using a fluorometric method Euler, Adler, and Schlétzer (1934) found 
2.0 to 3.0 wg. of riboflavin per ml. of whole milk; Whitnah, Kunerth, 
and Kramer (1938) 1.16 to 1.73 wg. per gm.; Kramer, Dickman, Hildreth, 
Kunerth, and Riddell (1939) 2.0 pg. per gm.; and Johnson, Maynard, 
and Loosli (1941) 1.5 to 2.4 ng. per ml. Hand (1939) obtained a range 
of 1.2 to 3.4 wg. per ml. in 400 determinations. Hand and Sharp (1939) 
reported that 2.0 ng. per ml. was the most frequently observed value for 
milk from all cows. 

Kunerth, Kramer, Dickman, and Whitnah (1937), with a rat-growth 
method of assaying for riboflavin, found values of 2.0 and 2.7 yg. per gm. 
of whole milk; Lunde, Kringstad, and Olsen (1939) 2.4 wg. per gm.; and 
Munsell (1942) 2.14 yg. per ml. Whitnah, Kunerth, and Kramer (1937) 
obtained 2.14 yg. per ml. by the fluorometric procedure and 2.32 pg. by a 
rat-growth method. Snell and Strong (1939), using the microbiological 
method, found whole milk to contain between 1.5 and 2.5 yg. per gm. 

By means of the fluorometric procedure Hodson and Norris (1939) 
obtained 19.7 yg. of riboflavin per gm. of dried skim milk; Conner and 
Straub (1941) 19.0 to 29.0 ng. per.gm.; O’Malley and Baldi (1942) 20.93 
pg. per gm.; and Smith and Kuzmeski (1942) 17.7 to 21.6 yg. per gm. 
Wagner, Axelrod, Lipton, and Elvehjem (1940), with a rat-growth method, 
obtained 17.0 pg. per gm. and Sullivan and Norris (1939), with a chick 
assay, obtained a value of 21.2 ng. per gm. Snell and Strong (1939) and 
Wagner et al. (1940), using a microbiological analysis, obtained 17.0 yg. 
per gm. The same method gave Arnold, Lipsius, and Greene (1941) values 
of 15.9 and 16.6 yg. per gm. and Culton and Bird (1940) 21.5 and 29.4 
pg. per gm. 

Kemmerer (1940) presented a report of a collaborative study on the 
riboflavin content of dried skim milk, carried out in five laboratories using 
a microbiological procedure. The range of values was 14.5 to 19.0 ug. per 
gm. and the average was 17.4 pg. per gm. 

Sullivan and Norris (1939), with a photometric method, obtained 
values of 29.8 and 21.4 pg. per gm. on two samples of dried whole milk. 
Henry, Houston, and Kon (1940), by rat-growth and fluorometric assays, 
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obtained 9.3 and 10.2 pg. per gm., respectively. Using a fluorometric 
method Smith and Kuzmeski (1942) found dried buttermilk to contain 
27.3 to 30.7 pg. per gm. 

Evaporated milk, analyzed by Henry et al. (1940) for riboflavin con- 
tent by the rat-growth and fluorometric methods, was found to contain 
2.6 and 2.9 yg. per gm., respectively. Murthy (1937), using a fluorometric 
procedure, found butter to contain 0.08 yg. per gm. and liquid buttermilk 
1.55 pg. per gm. Snell and Strong (1939) reported 23.0 pg. of riboflavin 
per gm. of dried whey, and Hodson and Norris (1939) 21.74 wg. per gm. 
Liquid whey was found to contain 1.3 to 1.9 pg. per gm. by Snell and 
Strong (1939). Munsell (1942) reported 5.45 and 6.0 pg. per gm. for 
Cheddar cheese. Sharp and Hand (1940) obtained values of 8.0 pg. per 
gm. for American cheese, 6.0 for Swiss cheese, and 1.4 for cream cheese. 

In an inelusive study of the riboflavin content of various kinds of 
cheese Sullivan, Bloom, and Jarmol (1943), using the microbiological 
method, obtained values of 2.0 wg. per gm. for cream cheese, 4.0 for Swiss 
cheese, and 4.1 for American cheese. 

In view of the fact that many of the values for the riboflavin content 
of dairy products reported in the literature were obtained before the micro- 
biological and fluorometric methods had reached a state where accurate 
results could be expected, and because there are many discrepancies in 
the values reported, an investigation of the riboflavin content of milk 
and milk products was undertaken. A further purpose of this study was 
to earry out the analyses by means of improved fluorometric and micro- 
biological procedures, using distinctly different methods for extracting 
riboflavin from the samples of milk and milk products. If coneurrent 
values were obtained by these methods, evidence would be provided that 
the values were representative of the actual riboflavin content. The results 
of the investigation are presented in this report. , 


EXPERIMENTAL METHODS 

Eighteen different dairy products were analyzed for riboflavin content. 
As many samples as possible were bought on the Ithaca, N. Y., market 
in order to have them representative of consumer marketing conditions. 
When this could not be done, the samples were secured directly from 
the manufacturers. 

The fluorometric method of Hodson and Norris (1939), as modified by 
Seott (1943), and a modified Snell and Strong (1939) microbiological pro- 
cedure were used throughout the work. In the fluorometric method ribo- 
flavin was extracted from the samples by refluxing with an acid-acetone 
mixture. Filtration was carried out at a pH of 6.7 and the filtrate was 
acidified and treated successively with four per cent KMnO, and three 
per cent H,O, at a pH of 3.7 to remove interfering pigments. The final 
filtrate was read in a Pfaltz and Bauer fluorophotometer against a stand- 
ard riboflavin solution that had been subjected to the same treatment as 
the natural products. All readings were made at a pH of 4. 

The microbiological procedure of Snell and Strong (1939) was used, 
but several modifications were made in the method of extracting the ribo- 
flavin. In preliminary work, autoclaving with H,SO, or large volumes of 
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water as well as boiling with 0.1 N HCl was found to give lower results 
than the fluorometric method in most cases, indicating incomplete extrac- 
tion. On the other hand, acid-acetone extraction with the removal of 
acetone by vacuum distillation or enzymatic digestion with takadiastase 
and papain gave concurrent results. Both these methods of extraction 
were satisfactory for some products, but the enzymatic digestion of Chel- 
delin, Eppright, Snell, and Guirard (1942) gave more consistent results 
for all varieties of milk products. 


A further modification was made in certain cases in order to get rid 
of turbidity which appeared in some of the assay tubes after sterilizing 
and which caused high results. The fact that the presence of a precipitate 
causes stimulation of Lactobacillus casei has been reported by Bauern- 
feind, Sotier, and Boruff (1942) and Wegner, Kemmerer, and Fraps 
(1942). This condition was corrected by autoclaving the solution and 
filtering off the precipitate formed before placing aliquots in the assay 
tubes. 

Since the presence of butterfat in large amounts apparently stimulated 
the growth of L. casei, all products with a fat content of five per cent or 
more were submitted to extraction with petroleum ether. This stimula- 
tion was no doubt similar to that reported by Strong and Carpenter 
(1942). With samples containing less than five per cent fat, the filtration 
at pH 4.5 proved to be satisfactory in removing interfering substances. 

To test the validity of these two methods, recovery experiments were 
performed using whole-milk powder and adding amounts of synthetic 
riboflavin varying from five to 25 pg. per gm. of powder. 


RESULTS 
The results of the recovery experiments (Table 1) show the average 
recovery by means of the fluorometric assay to be 100.46 per cent and 
that by means of the microbiological assay, 99.54 per cent. These results 


TABLE 1 
Recovery of Synthetic Riboflavin Added to a Whole-Milk Powder 








Riboflavin Riboflavin Riboflavin 


content added recovered Recovery 





ug./gm. ug./gm. ug./gm. pet. 
Fluorometric 
assay 


13.93 5.00 5.07 101.40 
13.93 10.00 10.25 102.50 
13.93 15.00 14.85 99.00 
13.93 20.00 20.02 100.10 
13.93 25.00 24.82 99.28 
Av. 100.46 





Microbiological 
assay 


13.52 : 101.40 
13.52 : 99.70 
13.52 J 99.27 
13.52 A 98.15 
13.52 J 99.16 
Av. 99.54 
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demonstrate the validity of the two methods in measuring riboflavin 
content. 

A statistical analysis of the 284 individual riboflavin values obtained 
in this investigation was carried out according to the method of Snedecor 
(1940). The results showed that there was no significant difference be- 
tween the two methods used. Of the 142 different samples analyzed, 82 
per cent showed less than five per cent variation in the results obtained 
by both methods. Therefore, since different methods of extraction as well 
as different methods of assay were employed, and since the values obtained 
by the two procedures agree, it is evident that the values given in this 
paper are representative of the actual values for the riboflavin content of 
the dairy products studied in the investigation. 


TABLE 2 
Riboflavin Content of Milk and Milk Products on Dry Basis 
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Number Total Differ- 
Product of solids Fluoro- Microbio- ence 
samples average metric logical between 
average average averages 
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Spray dried 
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Spray dried 

Roller dried 
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Light cream 
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ST GD ie ssccvesvevsscccsecennamiesessaniencsed 
Butter 
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Dried whey 
Liquid whey 


27.72 12.88 12.83 0.39 
26.86 13.32 13.20 0.90 
33.98 11.74 11.62 
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26.90 11.20 11.01 
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The results, dry basis, of the determination of the riboflavin content 
of milk and milk products are given (Table 2). Dried sweet-cream butter- 
milk was found to be the richest source of riboflavin. No liquid churned 
buttermilk was available on the open market in Ithaca, but a cultured 
product made from pasteurized skim milk was found to contain, on the 
dry basis, approximately one-half as much riboflavin as dried sweet-cream 
buttermilk. 

The riboflavin values, fresh basis, for the dairy products studied are 
given (Table 3); the average value for liquid whole milk was found to be 
1.77 pg. per gm. This is somewhat lower than the usual average of 2.0 yg. 
per gm. given in the literature. Evaporated milk, when diluted with water 
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(1:1), is advertised to contain equivalent amounts of all the ingredients 
present in milk. This was found to be correct with respect to riboflavin, 
for the value after dilution was found to be 1.78 yg. per gm. Cheese was 
found to be a good source of riboflavin, Cheddar cheese containing more 
on the fresh basis and cottage cheese more on the dry basis. 


TABLE 3 


Riboflavin Content of Milk and Milk Products, Showing Range and 
Average on Fresh Basis 








Procedures 





Product Fluorometric Microbiological 





Range Average Range Average 








ug./gm. ug./gm. ug./gm. ug./gm. 
Liquid whole milk 1.64- 1.97 1.76 1.67- 2.01 1.78 
Evaporated milk 

Nonirradiated 3.31- 3.99 3.57 3.17- 3.82 

Irradiated 3.49- 3.62 3.58 3.30- 3.78 
3.92- 4.00 3.97 3.91- 3.97 
Dried skim milk 

Spray dried 17.20-22.25 20.03 16.40-21.70 

Roller dried 13.43-22.43 19.02 13.42-21.00 
Dried whole milk 

Spray dried 13.57-18.60 15.40 13.93-17.85 

Roller dried 12.90-17.80 14.74 13.31-16.94 
30.10-36.20 33.56 31.37-35.48 
Light cream 1.33- 1.68 1.48 1.32- 1.62 
Cheddar cheese 3.69- 5.76 4.69 3.81- 5.68 
Cream cheese , 1.44- 2.24 1.85 1,59- 2.19 
2.45- 3.64 3.03 2.34- 3.62 
0.295- 0.577 0.367 0.295- 0.572 
Liquid skim milk 1.44- 1.74 1.61 1.33- 1.65 
Liquid buttermilk (cultured ) 1.48- 1.69 1.58 1.44- 1.64 
Dried whey 18.00-23.30 21.02 18.45-22.55 
Liquid whey 1.11- 1.31 1.22 1.14- 1.37 

















From reports in the literature the rat-assay method for determining 
riboflavin seems to give consistently higher results than those presented 
in this report. It is probable that other growth factors not in the basal 
diet in adequate quantities are present in the materials analyzed, with the 
result that somewhat higher values are obtained by the rat-assay procedure. 

The riboflavin values of the dried skim milks that were analyzed were 
higher and the dried-whey values were somewhat lower than those previ- 
ously reported. The explanation of this may be found in the fact that the 
riboflavin content of liquid whole milk has been found to vary with (1) 
the diet—Virtanen and Holmberg (1938), Hand and Sharp (1939), Kra- 
mer et al. (1939), and Johnson et al. (1941) ; (2) the period of lactation— 
Whitnah et al. (1938); (3) the breed of cow—Whitnah et al. (1938), 
Hand and Sharp (1939), and Kramer et al. (1939): and (4) the milk 
flow—Johnson et al. (1941). In confirmation of the results of Johnson 
et al., Meade and Trone (1942) found the riboflavin content of milk to 
vary inversely with the milk yield. It is interesting to note in this con- 
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nection that the samples of dried whey were received in April when the 
milk flow was high and the riboflavin values low. 


SUMMARY 


Eighteen different dairy products have been analyzed for riboflavin 
content by microbiological and fluorometric procedures. A different method 
of extracting the riboflavin from the samples was used in each procedure. 
Statistical analysis based on individual values showed that there was no 
significant difference between these two methods when applied to dairy 
products. Therefore, it is believed that the values obtained represent the 
actual riboflavin content. 

The average riboflavin values on the fresh basis of the products studied 
were as follows: dried sweet-cream buttermilk, 33.65; dried whey, 20.72; 
dried skim milk, spray process, 19.81, roller process, 18.81; dried whole 
milk, spray dried, 15.44, roller dried, 14.76; Cheddar cheese, 4.71; con- 
densed milk, 3.95; evaporated milk, 3.57; cottage cheese, 3.00; cream 
cheese, 1.87; liquid whole milk, 1.77; liquid skim milk, 1.58; liquid butter- 
milk (eultured), 1.56; light cream, 1.47; liquid whey, 1.24; and butter, 
0.367 pg. per gm. 
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Under present world conditions there is an urgent need for protein 
foods which are highly concentrated and which require little shipping 
space. Dehydrated meat is one answer to the need. Ground beef is rela- 
tively easy to dehydrate but the supply is somewhat limited owing to the 
long period of growth required, Kraybill (1943). Pork production could 
be increased in a shorter time but dehydration presents several problems. 

The outstanding difficulty is the high fat content of pork as compared 
with beef and the greater susceptibility of pork to oxidative rancidity. 
This not only presents the problem of removal of excess fat previous to 
actual dehydration, but also makes prevention of rancidity necessary if 
the product is to be stored for more than a few weeks. One approach to 
the problem is the use of lean pork cuts, such as leg or shoulder, from 
which outer layers of fat can be trimmed. However, on a commercial 
scale it is not practical to trim carcasses to less than 20 per cent fat, which 
is not an adequately low level for dehydration. The method used by a 
large producer was that of cooking the pork, pressing out the fat and 
liquid, allowing the fat to coalesce in a layer and removing it by skimming, 
Stateler (1942). The method investigated by this laboratory was the 
addition of corn meal to pork in the form of secrapple. It was believed 
that the flavor and texture would be improved and that the corn meal 
would absorb excess fat and possibly act as an antioxidant. It has also 
been found that the use of cereals protects thiamin, according to Rice, 
Schultz, and Robinson (1943). 


EXPERIMENTAL METHODS 


Dehydration: All of the scrapples were dehydrated in a home-type, 
foreed-draft, tunnel dehydrator, described by Cruess, Faust, and Greaves 
(1943). A small Thermidor combination fan and electric heater was the 
source of heat. No arrangement for recirculation was included. The tem- 
perature of drying varied from 48.9 to 60°C.(120 to 140°F.) as measured 
by thermometers placed on each tray in the dehydrator. The position of 
the trays was changed each hour to insure more even drying. The time 
required for dehydration to a moisture content of five to 10 per cent was 


*The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the office of Scientific Research and Develop- 
ment and the University of California. 

We wish to acknowledge many valuable suggestions offered by Mr. A. L. Pitman, 
Western Regional Laboratory, as well as technical assistance in storage and compression 
of samples contributed by the Dehydration Committee, Bur. Agr. and Ind. Chem., Agr. 
Res. Admin., U. S. Dept. Agr. 
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seven to eight hours on the average, although this varied considerably 
depending on the size of the load and other factors. The tray load was 
about three-fourths pound per square foot. 

Palatability: Palatability was judged by three persons with the ex- 
ception of the tests determining the desirability of seasonings and those 
comparing ground pork with secrapple. The same three people judged 
the scrapple throughout the study. It was believed that in this way marked 
differences over a period of time were more likely to be noticed. The recon- 
stituted * serapples within each lot were judged and compared with the 
fresh fried scrapples. The points considered were flavor, texture, and 
appearance as affected by the degree of dehydration. In some cases the 
desirability of using different cereals, other meats, and antioxidants was 
judged. 

Moisture: The majority of the determinations were made by the 
A.O.A.C. method (1935), drying under vacuum for about five hours at 
100°C.(212°F.). The dehydrated scrapple was ground either in a corn 
mill or with a mortar and pestle before drying. Some determinations 
were made by the toluene method which was accurate within 0.5 per cent 
when the source of heat was carefully controlled. This method saves time 
only when relatively few samples are being determined, however, which 
was not usually true in this study. 

Fat: The ground dehydrated scrapple was extracted with ethyl ether 
in a Soxhlet apparatus for 16 hours during the first few months of the 
study. Later the extraction was modified using petroleum ether and an 
extraction period of three hours, as described by Neustadt (1942). 


DEVELOPMENT OF SCRAPPLE FORMULA 


Fat Content of the Meat: Leg and shoulder cuts of pork from which 
the outer layers of fat were trimmed were used in this study. The fat 
content of approximately 20 samples chosen at random averaged 14 per 
cent for the fresh ground pork and varied from five to 26 per cent. The 
average fat content of 20 dehydrated scrapples was 27 per cent and varied 
from 14 to 52 per cent. 

The optimum range appeared to be from 12 to 18 per cent fat in the 
fresh pork resulting in a fat content of 20 to 30 per cent in the dehy- 
drated secrapple. If pork of higher fat content was used some of the fat 
melted out during dehydration and was lost. In addition the time required 
to dehydrate the scrapple to a moisture content of five to ten per cent was 
somewhat longer. When scrapple and ground, steamed, and raw pork 
made from the same lot of meat were dehydrated, the scrapple absorbed 
more fat than either of the ground porks and had a much better appear- 
ance. When the amount of corn meal was increased, more fat could be 
absorbed but the flavor of the product was much poorer. Pork of high fat 
content may be dehydrated as scrapple when it cannot be used as ground 
pork. 

Effect of Varying the Water: The optimum amount of water to use 
in scrapple is influenced by three factors: (1) the product should be firm 


*Reconstituted, as used in this paper, refers to the whole process of soaking and 
frying or cooking. Rehydrated is used for the process of soaking only. 
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enough to handle easily; (2) sufficient water should be present to gela- 
tinize the corn meal; and (3) no excess water should be added, only to be 
removed during dehydration. 

Other factors which affect the firmness of the product are the time 
of cooking, the grind of corn meal used, and the addition or substitution 
of other cereal for the corn meal. 

In the standard scrapple the time of cooking was set at one-half hour; 
a ‘‘polenta’’ grind of corn meal was used and no soybean or other cereal 
was substituted for any of the corn meal. Under these conditions the 
optimum amount of water was about four times the weight of corn meal. 
This was determined from experiments in which the water content varied 
from seven to 2.5 times the weight of corn meal used. 

Time of Cooking: Three different experiments were conducted to 
determine the best length of time for steaming the corn meal and pork 
together in a double boiler. The cooking times varied from one-half to 
two hours. Serapple cooked for two hours did not rehydrate as well as 
that cooked a shorter time. There was little difference between the prod- 
uets cooked for one-half and for one hour. Since there was no marked 
improvement in texture given by the longer time of cooking, the half-hour 
period was selected. Less vitamin destruction would presumably occur 
and the time of production was materially shortened. 

Effect of Grind of Corn Meal: The size of grind of corn meal was 
apparently the most important factor in determining the degree of rehy- 
dration of scrapple. When the ordinary corn meal sold on the retail 
market was used, the rehydrated scrapple tasted dry and took up only 
0.5 to 0.7 milliliter of water per gram of dehydrated scrapple. When a 
coarser grind was used, the scrapple had a water uptake of ‘from 1.0 to 1.7 
milliliters of water per gram and tasted much better. 

In the effort to find a suitable grind for optimum reconstitution, corn 
meal from several sources was obtained. It was found that a medium 
coarse grind with few fine particles was the most desirable. The so-called 
polenta grind filled these requirements but this varied in size considerably 
depending on the source. One polenta grind was too coarse resulting in 
a soft, tender product difficult to handle after rehydration, while another 
made a firm scrapple which rehydrated satisfactorily. 

Since polenta grinds from different sources were not the same size, 
a means of describing the best grind was needed. The polenta was placed 
in standard sieves and shaken on a mechanical shaker for five minutes. 
It was determined by microscopic examination that no particles were 
larger than two mm., or, in miller’s parlance, 16 meshes to the inch. The 
following table gives the percentages of particles of each size: 








U. 8S. standard Diameter of Per cent of corn 
sieve number opening (mm.) meal retained 
(Round hole) 1.0 47.1 
(Round hole) 0.5 45.7 
aa 0.25 4.0 
140 0.105 3.0 
300 0.048 0.2 
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Effect of Varying Amount of Corn Meal: Since it was desired to have 
as large a proportion of pork as possible in the dehydrated product, the 
least amount of corn meal which could be used to produce a firm loaf of 
secrapple was determined. Another purpose was to determine the antioxi- 
dant effect of corn meal, which will be discussed in a later paper. Scrap- 
ples containing one-fourth, one-half, and twice the amount of corn meal 
and water used in the basic recipe were prepared and compared with the 
basic recipe. It was quite evident that the amount of corn meal could not 
be reduced. Increasing the amount did not appreciably improve the firm- 
ness of the loaf-and the flavor was much less desirable. 

Use of Seasonings: Many commercially prepared scrapples are highly 
seasoned and it was considered of interest to determine what kind of sea- 
soning would be most acceptable. Eight different seasonings were used 
alone and in combination, in amounts just sufficient for the flavor to be 
definitely recognizable. The seasonings used per pound of meat were as 
follows: 1 tsp. black pepper, 1 tsp. sage, 34 tsp. savory, 14 tsp. garlic 
salt, 1 tsp. onion salt, 114 tsp. mustard, 1 tsp. smoked seasoning (Bakon 
yeast), and %% tsp. chili powder. One combination included pepper, sage, 
and onion salt; the other combination included garlic salt, mustard, onion 
salt, and chili powder. 

Ten judges tasted the scrapples after reconstitution and ranked them 
in the order of preference. The plain scrapple and that seasoned only 
with pepper ranked much higher than the others. Garlic, onion, sage, 
chili, and both combinations were ranked about the same, with smoked 
seasoning a little lower and savory considered poorest by two-thirds of 
the judges. 

After storage for five months at 32.2°C.(90°F.) another palatability 
test was conducted. None of the secrapples was rancid. Nineteen judges 
compared seven of the reconstituted scrapples and ranked them as to 
desirability. The scrapple seasoned with pepper was much preferred over 
any other. Sage and garlic were next best, then the plain scrapple and 
onion. Mustard and chili pepper were the least desirable seasonings. Sa- 
vory and the two combinations were omitted from this test. A possible 
reason for the lower rating of the plain scrapple after storage is that 
off-odors had developed which were masked by seasonings. These results 
show that scrapple seasoned with pepper and salt was preferred rather 
than the more highly seasoned products. 

Standard Formula for Scrapple and Yield: Based on one pound of 
meat the following proportions have been found to be desirable: 


Metric system English system 
Ground lean pork (20% fat or less)............. 453 gm. 1Ib. 
1 cup 
Polenta grind corn meal > Y% eup 
RN eiics ost pnnsibscerdilijuensivinssabliscvacsuivtiieemniennienpinspoeets ; 1 tsp. 
¥ tsp. 


The weighed meat was placed in the top of a double boiler and stirred 
frequently for about 20 minutes or until all pink color was gone. The 
meat was then placed over the direct flame and the water added. When 
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this came to the boiling point (in about two minutes), the corn meal and 
seasonings were added gradually with stirring. When the scrapple began 
to thicken after another two to three minutes, it was placed in the double 
boiler and steamed for 30 minutes. It was then poured into a loaf pan 
and cooled. The scrapple was cut into slices about °4, inch thick, spread 
on trays, and dehydrated at 68.3°C.(155°F.) for five to six hours. The 
scrapple may also be poured into shallow pans to a depth of % to 14 inch 
and dehydrated without cooling. It should be cut in squares to prevent 
excessive curling during dehydration. The moisture content of an average 
sample was 4.4 per cent, protein content 37 per cent, and the fat content 
28 per cent. The caloric value of this scrapple was calculated to be 5.03 
calories per gram. 

One pound of ground lean pork yielded about one and one-half pounds 
of fresh scrapple which dehydrated to about one-half pound. One to one 
and one-half pounds of reconstituted scrapple can be obtained from one- 
half pound of dehydrated scrapple. 

The dehydrated scrapple may be reconstituted in several ways. It may 
be soaked in hot water for 15 minutes then fried in fat until golden brown. 
It may be soaked and crumbled, then used in gravy made from the soaking 
water as‘a creamed meat dish. For variation tomato sauce, onions, sage, 
chili powder, or other seasonings may be added. It may be soaked and then 
made into a loaf or patties, using eggs as a binder. The binder may be 
omitted if the serapple is beaten thoroughly with an electric mixer or a 
whip. 

Keeping Qualities: It has been conclusively demonstrated that dehy- 
drated steamed pork turns rancid much more rapidly than dehydrated 
serapple. Preliminary experiments indicate that this scrapple will not 
become rancid within two months when stored at 32.2°C.(90°F.) in oxygen 
or air. At room temperature scrapple has not become rancid for from four 
to nine months; and when antioxidants, such as soybeans, are used it will 
keep at least two months longer. Scrapple is now being stored under nitro- 
gen at high temperatures and will undoubtedly keep for a much longer 
period, but how much longer is not yet definitely known. Compressed 
scrapple also is to be stored at high temperatures. It is believed that de- 
creasing the air space will delay oxidative rancidity. These results will be 
presented in detail in a later publication. 


COMPRESSION OF SCRAPPLE 


Dehydrated scrapple was compressed in slices and after grinding. 
Pressures up to 10,000 pounds per square inch were used with and without 
preliminary heating, and with and without a holding period under pres- 
sure. The use of 10,000 pounds on heated serapple produced a firm cake 
which would not rehydrate suecessfully. Even after three hours of soaking 
in hot water the center of such a cake was quite hard. Compression in the 
cold at 10,000 pounds resulted in a product that rehydrated quite well 
and formed a firm cake. However a pressure as great as this would prob- 
ably not be practical on a commercial scale. Pressures of 1,000 to 2,000 
pounds per square inch in the cold produced 4 crumbly cake which would 
not hold together. The same pressures applied to scrapple heated to 50°C. 
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(122°F.) held one minute produced a fairly firm cake which rehydrated 
readily within 20 minutes in hot water. The slices retained their shape 
quite well under these conditions. Merely holding under pressure without 
heating was not adequate for a firm cake. The reduction in volume per 
unit weight was 40 to 50 per cent for the ground scrapple and 50 to 70 
per cent for the slices. An average sample of dehydrated scrapple reduced 
60 per cent in volume contained five calories per cubic centimeter and had 
a density of 1.03. 

To summarize, the best method to use for compressing scrapple is to 
heat the slices of dehydrated scrapple to 50°C. or higher, compress at 1,000 
pounds per square inch and hold at that pressure one minute. The reduc- 
tion in volume is about 60 per cent. 


COMPARISON OF SCRAPPLE WITH GROUND DEHYDRATED PORK 


Dehydrated sliced serapple may be eaten out of hand similar to crack- 
ers. It is crisp but not hard and is not greasy. This is not true of ground 
dehydrated pork. When facilities for rehydration are not available, this 
is a distinct advantage. 

Ground raw and steamed dehydrated pork and scrapple made with 
and without soy grits were prepared from two different lots of fresh pork. 
All of the products were reconstituted by soaking 20 minutes in just 
enough hot water to rehydrate them fully. This amount was 1.2 times the 
weight of the ground pork and twice the weight of the secrapples. After 
soaking, both were baked 10 minutes in an oven at 176.7°C.(350°F.) in 
the form of small loaves. The ground pork was reground before recon- 
stitution as this had been shown previously to increase palatability. 

After storage for four months at 32.2°C.(90°F.) in nitrogen, palatabil- 
ity tests of these dehydrated products were made by seven judges. Each 
judge scored the individual products on the following score card : 











Fest” | Gooa | reir | Poor | Sabie | mente 
Flavor 40 ‘ 30 20 10 0 
Texture 40 30 20 10 0 
Odor 20 15 10 5 0 





























In addition, each was asked to arrange in order of preference the eight 
products judged. A value of 8 was assigned to the best, a value of 1 to 
the worst, with the other ratings in order. When two products were 
considered to be equally desirable they were given the average value of 
the ratings which they replaced. 

The average palatability scores (Table 1) show that the scores of the 
serapples were higher than those of the ground porks. This was particu- 
larly marked with one series of pork in which the flavor as well as texture 
was scored much lower. In both series texture was the characteristic of 
ground pork which was most objectionable. Adjectives used in describing 
texture were dry, sandy, and greasy. The difference between raw and 
steamed pork was shown only by Pork A. 

Results of the preference ratings (Table 2) indicate that ground, 
dehydrated pork either raw or steamed was not as desirable as dehydrated 
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scrapple by highly significant differences in preference ratings. There was 
no difference in palatability between the plain and soy scrapples. The 
steamed dehydrated pork had a significantly higher rating than the raw 
dehydrated pork when both series were averaged. 


TABLE 1 
Average Palatability Scores of Various Forms of Dehydrated Pork 








A ta- 
Type’ of dehydrated pork Flavor Texture Average bility 





. Ground steamed 23 20 57 70 
Ground raw 20 14 48 45 
Serapple, plain 31 31 : 77 81 
Scrapple with soy 29 31 75 75 





. Ground steamed 30 65 70 
Ground raw.. 29 5 65 
Scrapple, plain , 29 70 
Serapple with soy 29 33 71 


























1A and B represent two different lots of pork. 


TABLE 2 
Comparison of Preference Ratings of Various Forms of Dehydrated Pork 








Standard 


Type! of dehydrated pork Average deviation 
rating of the mean? 





+0.78 
+0.37 
+0.67 
+0.40 


iy 


. Ground steamed 
Ground raw. 
Serapple, plain 
Serapple with soy grits 








oe 


ow 
aa 





+0.59 
+0.52 
+0.34 
+0.73 





. Ground steamed 
Ground raw. 
Scrapple, plain 
Serapple with soy grits 








i im i bo 





+0.43 
+0.41 
+0.50 


Average of A and B scrapple, plain 
Average of A and B scrapple with soy grits 
Average of A and B, ground steamed 
Average of A and B, both scrapples +0.30 
Average of A and B, ground raw +0.31 

1A and B represent two different lots of pork. *The difference is considered significant if it 
is three times the standard deviation of the difference (oo —Y o—*+o—* where o—, and o— are 
the standard deviation of the means). Se Xe = Xa 
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USE OF CEREALS OTHER THAN CORN MEAL 

A variety of cereals was used (1) to replace corn meal entirely and 
(2) to replace 25 per cent of the corn meal in scrapple since it was ex- 
pected that the cereals would differ in their effect of flavor and possibly 
on rancidity. 

The cereals used were (1) wheat germ and middlings, (2) fine cracked 
wheat, (3) graham flour (replacing 25 per cent of the corn meal only), 
(4) raw soy grits, (5) toasted soy grits, (6) chipped rye, (7) chipped 
barley, and (8) chipped oats. All of the cereals except the graham flour 
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were ground to pass through a sieve having 16 meshes to the inch, the 
same size found best for the corn meal. 

The texture of the cooked scrapple loaves varied considerably. Of those 
made entirely of cereal other than corn meal only the chipped barley 
product was sufficiently firm. The two soy secrapples were too soft to form 
a loaf since starch content of soybeans is so low that gelatinization did 
not occur on heating. At the 25-per cent level all but the two soy scrapples 
were quite firm. The graham-flour loaf was dry but acceptable. 

The cracked-wheat and chipped-rye scrapples had a more meaty flavor 
than the others. The barley scrapple also had a good flavor but those 
containing oats had a strong cereal flavor and were less desirable for that 
reason. All the others had a mild cereal flavor which was not objection- 
able. The flavor of the raw soy grits was much preferred over that of the 
toasted soy grits. 

Other scrapples have been made in which 50 per cent of the corn meal 
was replaced by other cereals. Wheat germ and a whole-wheat cereal 
containing 20 per cent added germ were used primarily because of their 
properties as antioxidants as well as their nutritive value. They were 
acceptable in flavor but somewhat soft in texture. Cracked wheat and 
chipped rye, also prepared in 50-per cent mixtures, were firm in texture 
and were judged to have a better flavor than plain corn-meal scrapple. 


USE OF MEATS OTHER THAN PORK 


Several attempts were made to incorporate liver in scrapple. On the 
whole this was not successful from the standpoint of flavor. Liver, when 
dehydrated, developed a strong flavor which became even stronger after 
storage. Mixtures of pork and liver containing one-third, one-half, two- 
thirds, and all liver were made and various seasonings, such as onion and 
sage, were incorporated. None of the liver scrapples was liked by people 
who dislike liver. However, many of the judges who did not dislike liver 
considered the 50-per cent mixture seasoned with onion and sage fairly 
palatable. 

Beef scrapple was quite successful but would offer no advantage over 
dehydrated beef. Scrapple made from dehydrated beef was just as accept- 
able as reconstituted beef scrapple. If dehydrated beef had to be kept 
for a considerable length of time under adverse conditions, however, the 
antioxidant property of the cereal might be of value. 

Lamb scrapple was successful but the flavor was not as good as that 
of pork scrapple. Here again the antioxidant effect of the cereal might 
be of value. 

Fish scrapple was not successful, at least when made with fillet of sole. 
Cooked fish developed a strong linseed-oil smell overnight and became quite 
unpalatable. 

Chicken secrapple had little chicken flavor. The corn-meal flavor was 
so much stronger than that of the chicken that the product tasted like 
dehydrated corn-meal mush. 

SUMMARY 

A formula is given for making pork scrapple which will dehydrate 

successfully and which will not turn rancid readily. The fat content of 
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the fresh pork used should not be over 20 per cent, preferably 12 to 18 
per cent, corresponding to a fat content in the dehydrated scrapple of 
about 30 per cent. The amount of water used should be as little as possible 
yet sufficient to hydrate the corn meal. The grind of corn meal used must 
be coarse enough to allow adequate rehydration of the scrapple but not so 
coarse as to cause excessive tenderness, and only enough corn meal must 
be used to bind the meat into a loaf. Salt and pepper only were used for 
seasoning since when other seasonings were added the flavor was not so 
desirable. 

Serapple may be eaten in the dehydrated form or reconstituted into 
patties, meat loaf, or creamed preparations. It can be compressed to about 
60 per cent of its original volume to save storage and shipping space. 
When compressed it contains about five calories per cubic centimeter and 
has a density of about one gram per centimeter. An average scrapple had 
a moisture content of four per cent, a protein content of 37 per cent, and 
a fat content of 28 per cent. Palatability tests showed that dehydrated 
scrapple is much preferred to dehydrated ground pork, either raw or 
steamed. 

Other cereals, particularly barley, cracked wheat, and chipped rye, 
may be substituted for part of the corn meal to improve the flavor. Other 
meats may also be substituted for pork, beef being particularly successful. 
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The nation-wide enrichment of flour has aroused renewed interest in 
thiamin retention in baked products. One of the most common uses of 
flour in the home is for the making of quick breads, such as biscuits. 
Although some information is available regarding the pH of various 
biscuit mixtures and the relationship of pH to the destruction of thiamin, 
no work is reported showing the influence of the separate ingredients on 
the thiamin content of biscuits. The effect of shortening, the use of en- 
riched flour as compared with natural high-vitamin flour, and the choice 
of leavening agent on the thiamin content of biscuits has been studied in 
the present work. 

Farrer (1941) investigated the influence of pH on the destruction of 
thiamin at 100°C.(212°F.) and reported that destruction increased with 
increasing pH until 100-per cent destruction was obtained in one hour at 
a pH of 8. Thiamin retention in self-rising flour biscuits was studied by 
Barackman (1942). His findings confirmed those of Farrer, recovery of 
thiamin being directly proportional to the acidity of the biscuits. He 
also reported that 85 per cent of the thiamin survived the baking process 
if the pH of the baked product was 7.1 or lower. MeKim and Moss (1943) 
observed the pH of chemically leavened products in connection with the 
composition of the batters and doughs, but did not investigate the thiamin 
retention. Many determinations have been made of actual thiamin losses 
in the baking of yeast bread. Hoffman, Schweitzer, and Dalby (1940) 
reported that losses in baking bread vary from five to nine per cent of the 
thiamin, and in toasting, from zero to 17 per cent. Harrel, Sherwood, Sul- 
livan, and Rainey (1941) reported losses in thiamin content from 6.8 to 
29.1 per cent between the extremes of baking times and temperatures 
used. According to Downs and Meckel (1943) enriched white bread 
toasted 50 seconds showed 13 per cent loss of thiamin. Slater and Rial 
(1942) determined thiamin losses in biscuits, cakes, and cereals. Schultz, 
Atkin, and Frey (1942) reported that the source of thiamin used in bread 
had no effect on the stability of the vitamin. 


EXPERIMENTAL PROCEDURE 

The problem of investigating the influence of ingredients on thiamin 
content of biscuits was organized with four main objectives: (1) to devise 
a method of sampling that would entail no change in the thiamin content 
of the baked product and would secure a homogeneous extract (since it 
was very likely that any demonstrable difference in thiamin content owing 
to choice of ingredients would be small, the necessity of avoiding losses 
subsequent to the baking procedure was an important consideration) ; 
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(2) to determine the effect of shortening on thiamin content by comparing 
the assay values of biscuits made with or without shortening; (3) to com- 
pare the effect of four chemical leavening agents on the thiamin content 
of biscuits and to relate thiamin content to pH of the doughs if possible; 
and (4) to compare the thiamin retention in biscuits made from enriched 
flour with that of biscuits made from a mixture of enriched flour and 
rice polish. The recent emphasis given rice polish as a food in the 
southern diet and the unsubstantiated statements frequently made in the 
promotion of its use have magnified the need for specific information 
in this regard. 


The following basic recipe was used throughout the investigation: 





Flour (vitamin and mineral enriched, phosphated, bleached)............... 200 gm. 
NE Ce where aici cesectcenenieieinenicnbienninianeioin 4 gm. 
Shortening (vegetable oil, nationally advertised brand)...................00. 25 ml. 
WHOIS DO: hirscssssiscesstsiccrsecs 150 ml. Laetie acid (2.25%)........ 150 ml. 
Baking powder ........::+++ 10gm. ° Baking soda (NaHCOs)..3.5 gm. 


The total quantity of enriched flour to be used for any one series of experi- 
ments was carefully blended to insure uniform distribution of synthetic 
thiamin before individual lots were weighed out. Dry ingredients were 
sifted together five times, and the dough was mixed in an electric mixer 
for 45 seconds. Each lot was made into 12 drop biscuits and baked on an 
ungreased baking sheet for 15 minutes at 218.3°C.(425°F.) in a preheated 
gas oven. The samples were analyzed by the Hennessy-Cerecedo thio- 
chrome method as modified by the Research Corporation Committee on 
the Thiochrome Method, Hennessy (1942). 


SAMPLING PROCEDURE 


A satisfactory sampling method for biscuits would involve securing a 
representative sample of about five grams from a larger quantity of uni- 
form, finely divided material. It has been customary to obtain such a 
sample by drying a rather large quantity of the product, crushing it to 
pass a fine sieve, mixing it, and weighing out an appropriate sample. 
Air-drying of biscuit samples proved completely ineffectual in the humid 
climate of Louisiana, and, consequently, an oven-drying procedure was the 
only choice left of customary methods. Haas’ (1941) method calls for 
the drying of samples at less than 50°C.(122°F.) for not more than 24 
hours. It was felt, however, that even such a low temperature as 50°C. 
might ineur not only appreciable losses but variable ones as well because 
of the diffieulty of securing uniform heat in the drying oven. An entirely 
different procedure, analogous to the sampling of vegetables for thiamin 
assay, was then worked out. 

The biscuits were baked and allowed to cool to room temperature. An 
entire tray of 12 biscuits was used in obtaining a sample. The biscuits 
were quartered, opposite quarters retained, and cut into pieces one-eighth 
of an inch thick. The cut pieces were thoroughly mixed and 75 gm. weighed 
out on a torsion balance. Simultaneously a suitable sample was taken from 
the same original mixture for a dry-weight determination. The 75 gm. of 
eut biseuit was placed in the bowl of a Waring blendor, 200 ml. of 0.1 N 
H,SO, added, and the mixture blended for four minutes. The blending 
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was stopped twice during that time to wash down the sides of the bowl 
with 0.1 N H,SO,. This mixture was transferred quantitatively to a 
500-ml. volumetric flask and allowed to stand until free from air bubbles. 
It was then made up to volume, well mixed, poured into a large beaker, 
and 50-ml. aliquots were pipetted out while the mixture was kept homo- 
geneous with an electric stirrer. The pipetting was done with a wide-tip 
recalibrated pipette, and uniform drainage of the pipette was observed at 
all times. Twenty ml. of the 0.1 N H,SO, was added to each 50-ml. aliquot, 
and the samples were then ready for hydrolysis. Each sample thus pre- 
pared contained 7.5 gm. of moist biscuit in 70 ml. of acid, a sample com- 
parable to five gm. of dried biscuit in 70 ml. of acid. 


TABLE 1 


Thiamin Content of Biscuit Samples Prepared by Blending Procedure 
and Drying Method 




















Thiamin 
(gammas per Increase of 
Lot Treatment gm. of dry blended samples 
wt.) ; 2 samples over dried 
averaged samples 
pet. 
Bs esis eccosmncseersarvenavenopwweeiene Blended 2.48 6.44 
Dried 2.33 
visas isssahiesassiuinunsielaoaraenpaas Blended 2.84 0.35 
Dried 2.83 
isisieciccndadiaastipionsinitiaaicalanin Blended 2.65 16.74 
Dried 2.27 
4 ccssseesecesssssenesscensstsnenseceessers| Blended 2.78 7.34 
Dried 2.59 
IR iiniiscrcnciiernintionces a 7.72 








In substantiating the use of the blending procedure as opposed to the 
drying method, four lots of biscuits were baked and the thiamin-assay 
values so obtained were compared for the two sampling procedures. Each 
lot (a tray of 12 biscuits) constituted one sample and was prepared by 
both blending and drying. The twelve biscuits in each lot were quartered, 
and one-half of the quarters sampled by the drying method, the other 
half, by the blending procedure. These biscuits were all made with calcium- 
acid phosphate baking powder and the shortening was omitted, thus elimi- 
nating as many variables as possible. All four lots were baked at the same 
time in the same oven. The samples prepared by the Haas method were 
dried together for 18 hours at 45°C.(113°F.) in an Eleonap drying oven. 
The entire quantity of crisp biscuit was then crushed to pass a fine sieve, 
mixed thoroughly, and a five-gm. sample weighed out. At the same time 
a sample was taken for dry-weight determination. The assay values for 
the two sampling procedures were converted to the dry-weight basis; these 
results are shown (Table 1). As the table indicates, the thiamin content 
of the blended samples was from 0.35 to 16.74 per cent higher than that 




















THIAMIN CONTENT OF BISCUITS 331 


of the dried ones. This difference indicates thiamin destruction in the 
course of the drying method. The heat from oven drying would seem to 
be the logical cause of the loss. It might be well to consider, however, 
that failure to obtain a homogeneous sample or inefficient extraction be- 
cause of the hardness of the dried biscuit, despite the fact that it had 
been crushed, could be factors responsible for the lower thiamin content 
of the dried samples. After ample trials, the blending process was selected 
by the authors as being the more satisfactory of the two and was used 
throughout the remainder of this study. A marked advantage of the blend- 
ing procedure over the drying method lies in the fact that the preparation 
of a sample for hydrolysis is shortened by 18 to 24 hours. 


INFLUENCE OF SHORTENING ON THIAMIN CONTENT 


In studying the influence of shortening on thiamin content, biscuits 
were prepared that were identical except for the inclusion or omission 
of shortening. These two types of biscuits were baked together and their 
thiamin content compared. This first study was a preliminary experi- 
ment, and although it led to a complete investigation of the question, it 
contained insufficient data to be conclusive in itself. Experimental details 
were as follows: Enough dry ingredients for eight lots of biscuits were 
weighed out, mixed together thoroughly, and weighed into individual 
214-gm. quantities. Calcium-acid phosphate baking powder was used. 
Four lots were baked at a time, two containing shortening and two 
without it. Positions in the baking oven were alternated for the shortened 
and unshortened biscuits to minimize possible variations in oven tem- 
perature. All sampling was done by blending; the calculations were made 
on the dry-weight basis; and all weights of the shortened samples were 
corrected for weight of added fat. 

This preliminary study showed the unshortened samples to be 6.25 per 
cent higher in thiamin content than the shortened ones. As was pointed 
out above, later and more adequate investigation revealed these data to be 
incomplete, but they led to interesting developments. At the time, it was 
assumed that the inclusion of shortening had made the difference in thia- 
min content of the shortened and unshortened biscuits. During the thia- 
min-assay procedure, furthermore, a marked difference had been observed 
in the appearance of the extracts of shortened samples as compared with 
those of unshortened ones. The former produced an extract which was 
slightly cloudy in appearance and slower to pass through the base-exchange 
columns than were the clearer extracts of the unshortened samples. On 
the supposition that the cloudiness might have been due to a very fine 
emulsion of fat particles, and accordingly, that fat adhering to the flour 
particles might have interfered with the extraction of the shortened 
samples, it was decided to study the shortened and unshortened biscuits 
with the use of steapsin. Steapsin would hydrolyze the fat in the short- 
ened samples and any difference in thiamin content of shortened and 
unshortened samples would not be due to fat interference. To insure the 
obtaining of a direct comparison, four types of samples were prepared: 
(1) unshortened biscuits, (2) shortened biscuits, (3) unshortened biscuits 
with steapsin added in the extraction process, and (4) shortened biseuits 
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with steapsin added in the extraction process. By adding steapsin to 
both shortened and unshortened biscuits two objectives would be realized: 
the fat of the shortened samples would be hydrolyzed and any other 
effects of the steapsin would appear in the unshortened biscuits as well 
as the shortened, thus permitting a fair comparison to be made between 
the two on the basis of shortening alone. 

Three series of determinations (I, II, III) were made independently. 
The method of preparation used in the preliminary work was followed, 
except that alternating rows of shortened and unshortened biscuits were 
placed on all four baking trays, identified by marking the row position 
with wax pencil, and the original lots were reassembled after baking. 
Four aliquots were pipetted from each blended sample. Two of these 
were treated with steapsin and two were not, in order to obtain the com- 
parison outlined above. Steapsin’ (0.25 gm. per sample) was introduced 
along with the diastase in the sodium acetate buffer. Three independent 
analyses of the steapsin showed its thiamin content to be 2.69 gammas 
per gram, and the proper correction factor was used for the assay value 
of every steapsin-extracted sample before that value was recorded in 
Table 2. The addition of steapsin made a marked difference in the 
character of the extracts obtained. Extracts from both shortened and 
unshortened samples so treated had a sparkling clarity, filtered rapidly 
leaving an unusually small residue, and quickly passed through the base- 
exchange columns. The average time required to obtain 30 ml. of filtrate 
for steapsin-treated samples was 16 minutes; for untreated samples, 28 
minutes; the results of Series I, II, and III appear (Table 2). 


TABLE 2 


Thiamin Content of Shortened, Unshortened, Steapsin Extracted-Shortened, 
and Steapsin Extracted-Unshortened Biscuits 














Thiamin content of biscuits (gammas 
per gm. of dry weight) corrected Dry Dry 
Number for thiamin content of steapsin weight weight 
Series of lots of of 
averaged Unshort- Short- unshort- | shortened 
Unshort- Short- ened + ened + ened samples 
ened ened steapsin steapsin samples 
pet. pet. 
| EOE On 2 2.20 2.36 2.31 2.46 65.7 67.1 
| Eee: 2 2.45 2.27 2.76 2.45 61.8 64.0 
i icistacicsssciesssnecs 2 3.59 3.68 3.80 3.84 64.5 66.0 
BVOTRBD .cccvccsecss — 2.75 2.77 2.96 . eae oe 


























Examination of these data show that, while there may be a difference 
in the thiamin content of shortened and unshortened biscuits for any one 
series, no differences can be demonstrated when the results of a number 
of series are averaged. The averages (Table 2) show that the shortened 
biscuits exceeded the unshortened ones in thiamin content by 0.72 per cent, 
while the steapsin-extracted, unshortened biscuits exceeded the steapsin- 
extracted, shortened ones by 1.44 per cent. These percentages are within 
the limits of experimental error and signify no real differences. The dry- 


The steapsin was obtained from the Pfanstieh] Chemical Co., Waukegan, Illinois. 
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weight percentages for the various series have been included in Table 2 
because there are indications that a relationship exists between the degree 
of dryness and the relative thiamin content of shortened and unshortened ° 
biscuits. When the dry-weight values exceeded 65 per cent, the shortened 
biscuits were higher in thiamin content than the unshortened ones, for 
both steapsin-treated and untreated biscuits. When the dry-weight values 
were below 65 per cent, the reverse was true. In the preliminary study 
described earlier, unshortened biscuits exceeded shortened ones in thiamin 
content. Here too, the dry-weight values were below 65 per cent, being 
60 to 62 per cent. No attempt is made to theorize regarding the signifi- 
cance or insignificance of this. relationship. The one conclusion reached 
in regard to the influence of shortening on thiamin content is that on the 
average no difference could be shown between the shortened and unshort- 
ened samples. There may be a relationship, however, between dryness of 
samples and relative thiamin content of shortened and unshortened sam- 
ples for any individual set of determinations. 

The increased thiamin-assay value obtained by the use of steapsin 
(Table 2), however, cannot be ignored. By the use of steapsin, the assay 
value of the unshortened samples was increased 7.6 per cent and that of 
the shortened samples, 5.4 per cent. Likewise, it should be pointed out 
that the steapsin produced this increase in every case and for all series. 
Since the unshortened biscuits contained inappreciable amounts of fat, 
there appeared to be no obvious explanation for the phenomenon. By test- 
ing an extract of the steapsin with a solution of pure starch and iodine as 
an indicator, however, the steapsin was revealed to contain a highly active 
amylase which may have been responsible for the increase obtained in the 
thiamin assay values of the samples as well as for the marked change in 
the appearance of the extracts. The higher thiamin assay values obtained 
by the use of steapsin indicate that the amylolytic action of Taka-diastase 
was insufficient to liberate all the thiamin in samples of the size used in 
these experiments. Qualitative tests performed with starch solutions and 
iodine indicator showed the starch-splitting action of the steapsin to be con- 
siderably more rapid than that of the Taka-diastase. Because of the afore- 
mentioned advantages, despite the fact that the exact nature of the action 
of the steapsin preparation in question is unknown, the use of such a steap- 
sin preparation in the thiamin assay of samples similar to those analyzed 
in the present work is to be recommended. 


INFLUENCE OF ENRICHED FLOUR AND NATURAL HIGH-VITAMIN 
FLOUR ON THIAMIN CONTENT 


In order to compare the thiamin content of biscuits made with flour 
containing principally synthetic thiamin with that of biscuits made from 
flour containing large amounts of natural thiamin, enriched-flour biscuits 
and biscuits made from a combination of rice polish and enriched flour 
were prepared and analyzed. Because rice polish is one of the richest 
sources of natural thiamin known and is easily obtainable in rice-growing 
areas, considerable publicity has been given to its use in food preparation. 
Many recipes have been devised for using rice polish in baked products. 
The formula used in this study was taken from a series of recipes tested 
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and published at the Louisiana Agricultural Experiment Station.’ Little 
or no information, however, has been available concerning the destruction 
of thiamin in rice polish during the baking process, and for this reason 
it was held desirable to use a flour supplemented with rice polish for this 
study rather than a whole-wheat flour. A ratio of three parts flour to 
one part rice polish by weight was used in making the rice-polish biscuits. 
The biscuits were made with sodium aluminum sulfate-calecium acid phos- 
phate baking powder, and every precaution was taken to minimize any 
differences in oven temperature. Four lots, two of the enriched-flour bis- 
cuits and two of the rice polish-enriched flour biscuits, were baked and 
sampled by the blending procedure. The flour mixtures were likewise 
analyzed and all values converted to the dry-weight basis; steapsin was 
used in the analysis; the results are shown (Table 3). For all purposes 


TABLE 3 


Retention of Thiamin in Enriched-Flour Biscuits and 
Rice Polish-Enriched Flour Biscuits 



































Thiamin 
Ty f fl (guamnes Average 
pe of flour per gm. Reten- é 

Lot mixture dry wt.); tion reten- 

average tion 

of 2 

pet. pet 
Dikscchusieiaicinenes I IR assictccrcccesctioncrtvereoces 3.64 a 
eviccsavanaenniens II icc cnceemnessinen 3.60 81.26 81.71 
eter ea oer eee Rice polish-enriched flour.............. 8.35 i 
hiss isiccnvtivarssninivivicsconceecsenmoel Rice polish-enriched flour............. 7.83 79.25 81.88 
Enriched-flour biscuit mixture, uncooked.................cccceeeeeeee 2 ae eee 
Rice polish-enriched flour mixture, uncooked...................... . Ee ————ee 





one may say that the percentage of retention of thiamin in enriched-flour 
biscuits equalled that in the rice polish-enriched flour product. These find- 
ings agree with those of Schultz, Atkin, and Frey (1942), who used syn- 
thetic thiamin, high-vitamin baker’s yeast, and whole wheat as thiamin 
sources in yeast bread and found no differences in the percentage of 
retention. Although the retention is the same for the two kinds of biscuits, 
the rice polish-enriched flour biscuit still possesses a great advantage in 
that its thiamin content is 2.2 times that of the enriched-flour product. 


INFLUENCE OF LEAVENING AGENT ON THIAMIN CONTENT 


Three typical baking powders and an approximation of the popular 
soda-sour milk leavening were studied. These baking powders were (a) 
ealecium-acid phosphate type; (b) cream of tartar type; and (c) sodium 
aluminum sulfate-calecium acid phosphate type. The soda-sour milk com- 
bination was simulated by using correct proportions of sodium bicarbon- 
ate and 2.25 per cent lactic acid. Sour milk was not used since it would 
have introduced additional variables in the experiment and made a direct 


*<«The Use of Rice Polishings in Cooking’’ by Martha E. Hollinger; Revised Sep- 
tember, 1942; Nutrition Research Laboratory, Louisiana State University Agricultural 
Experiment Station, Baton Rouge, Louisiana. 
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comparison difficult. The biscuits were made with shortening so that a 
standard product might be secured insofar as possible. Precautions were 
taken to minimize differences in oven temperature, correction was made 
for even slight differences in percentage of fat of the different samples, 
the blending procedure was used in sampling, and all results were ex- 
pressed on the dry-weight basis. The experiment was performed with 
both enriched-flour biscuits and rice polish-enriched flour biscuits. Deter- 
minations of pH were made for all samples; steapsin was used in the 
analysis; the findings are reported (Table 4). Although the differences 


TABLE 4 


Thiamin Content of Enriched-Flour Biscuits and Rice Polish-Enriched Flour Biscuits 
Made With Four Different Chemical Leavening Agents 








Thiamin . 

(gammas Ran 

. per gm. in pH of 

Leavening agent dry wt.) ; thiamin dough 

average content mixture 
of 2 





ENRICHED-FLOUR BiscuIT SERTES 


Soda + lactic acid SE 
Cream of tartar baking powder 5f 
Caleium-acid phosphate baking 
powder 2.48 
Sodium aluminum sulfate-eal- 
cium acid phosphate baking 
powder 2.41 4 
Rice POLISH-ENRICHED FLOUR BISCUIT SERIES - 


Soda + lactic acid 8.44 
Cream of tartar baking powder 8.38 
Caleium-acid phosphate baking 
powder 8.02 7.00 
Sodium aluminum sulfate-eal- 
cium acid phosphate baking 
powder Hi 7.10 





























among the samples are small, there appears to be a definite order in the 
thiamin content of the two series with respect to type of leavening used. 
In both series, the samples ranked from highest to lowest in thiamin con- 
tent as follows: soda-lactic acid, cream of tartar, calcium-acid phosphate, 
and sodium aluminum sulfate-calecium acid phosphate. The inverse rela- 
tionship is observed in the pH values, the sodium aluminum sulfate-calcium 
acid phosphate baking powder producing the highest pH and the soda- 
laetie acid, the lowest. McKim and Moss (1943) reported the same order 
of pH values for the three types of baking powders as obtained in this 
study, but did not report values for soda-lactic acid combinations. These 
findings agree also with those of Farrer (1941) and Barackman (1942), 
i.e., the more acid the biscuits, the greater the thiamin retention. Another 
point of interest lies in the fact that the soda-lactie acid combination pro- 
duced a biseuit having the highest thiamin content of the group, thus 
showing that a properly balanced recipe using soda is no more destructive 
of thiamin than one using baking powder. Although Table 4 contains 
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values for only eight samples, the same order in the thiamin content was 
observed in the preliminary work of the study. 


SUMMARY AND CONCLUSIONS 


The thiamin content of biscuits was studied with reference to the 
influence of (1) the inclusion or omission of shortening (2) the use of 
enriched flour as compared with natural high-vitamin flour and (3) the 
choice of leavening agent. A method of sampling the moist biscuit was 
developed to avoid losses in thiamin content apparently due to oven drying. 
Samples prepared by the new method exceeded dried samples by 7.72 per 
cent in thiamin content, and 18 to 24 hours of time were saved in the 
preparation of samples. 

No significant differences could be demonstrated in the thiamin content 
of shortened and unshortened biscuits. The addition of steapsin to samples 
in the extraction process, however, effected an increase of at least five 
per cent in the thiamin-assay value of both shortened and unshortened 
samples after a correction had been made for the thiamin content of the 
steapsin. In addition to a higher assay value obtained by use of the steap- 
sin, the extracts obtained after the digestion process was clearer, filtered 
more rapidly, and left a smaller residue than did those from samples 
hydrolyzed with diastase alone. 

The percentage retention of thiamin in enriched-flour biscuits was equal 
to that in the rice polish-enriched flour biscuits, indicating thereby that 
the source of the thiamin had no influence on the degree of retention. 

Enriched-flour and rice polish-enriched flour biscuits made with four 
different leavening agents ranked in the same order when arranged 
according to decreasing thiamin content and increasing pH. Arranged 
thus, they rank: soda lactic acid, cream of tartar baking powder, calcium- 
acid phosphate baking powder, and sodium aluminum sulfate-calcium acid 
phosphate baking powder. 
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The diastase method for the determination of starch consists essentially 
of four steps: (1) the specific action of malt diastase in hydrolyzing starch 
into dextrins and maltose without acting upon the pentosans and other 
carbohydrates which can be converted into simple sugars by boiling with 
HCl; (2) the removal of the insoluble carbohydrates; (3) the hydrolysis 
by acid of the dextrines and maltose to dextrose; and (4) the determination 
of the resulting dextrose. 


The sensitivity of the enzyme diastase suggests that certain food pre- 
servatives might interfere with its use in the determination of starch in 
food products. 

That small amounts of NaCl will activate diastase was recognized by 
Osborne (1895). Sherman, Caldwell, and Adams (1927) showed that NaCl 
and KNO, activate malt amylase when it acts upon soluble starch. Hizume 
(1924), however, reports that the diastase is injured by NaCl, and that 


neither the saccharogenic nor dextrogenic powers were activated by NaCl 
or KNO,. That the anion of an added electrolyte has a greater effect upon 
the decomposition than the cation is noted by Biederman and Rucha (1921) 
and by Hahn (1922). 


EXPERIMENTAL PROCEDURE 

In order to obtain a pure starch the sample of starch was washed with 
an alecohol-ether mixture three times and filtered; washed with distilled 
water three times and filtered; and finally washed three times with an 
aleohol-ether mixture and filtered. The product was air-dried and finally 
dried in a vacuum oven at 70°C.(158°F.). The starch was ground and 
put through a 100-mesh sieve. 

The diastase solution was prepared by digesting at room temperature 
10 grams of Pfanstiehl diastase U.S.P. IX in 200 ¢.c. of water for three 
hours. After filtration the solution was ready for use. Because of small 
amounts of reducing substances in the diastase solution, it is necessary 
to run a blank on each new diastase solution prepared. 

Exactly three grams of purified starch were weighed out together with 
a given amount of a preservative and both were transferred to a beaker 
with 40 ¢.c. of water and 10 ¢.c. of buffer solution, consisting of 0.006 
molar solution of a mixture of 99 per cent KH,PO, and one per cent 
NaHPO,:2H,0. The pH + of the mixture was adjusted to a value of 
4.9 with either H,PO, or NaOH. The mixture was gelatinized at a low 
heat while being stirred constantly, and was cooled to 55°C.(131°F.) in a 
constant temperature bath. Twenty c.c. of diastase solution were added 
and the mixture was digested one hour at 55°C. An additional 20-c.c. 
portion of diastase was added and the combined solution was digested for 
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one hour. The hydrolyzed starch mixture was cooled, made up to 250 c.c., 
and filtered. Then 200 c.c. of the filtrate were removed to a flask, 20 c.c. 
of HCl solution (specific gravity 1.125) were added, and the mixture was 
heated two and one-half hours in a boiling-water bath. 

When the flask and its contents were cool, enough NaOH solution was 
added to neutralize the original acid used for hydrolysis. The volume 
was made up to 500 ¢.c. and filtered. Aliquots from the starch-containing 
originals and from the diastase blanks were analyzed for dextrose by the 
official Munson-Walker method, A.O.A.C. (1940). The Folin-Wu (1929) 
and the Poe-Edson (1932) colorimetric methods for dextrose were tried 
but were rejected for use in this work for two reasons: (1) the numerous 
dilutions inereased the experimental error; (2) the diastase extract, par- 
ticularly in the presence of some of the preservatives in high concentra- 
tions, imparted a color to the solutions used in the colorimetric methods, 
a condition which made the matching of the unknown with the standard 
difficult and inaccurate. 

TABLE 1 
Effect of Preservatives on Action of Diastase in Determination of Starch 








: Starch recovered with each preservative 
Preserva- 
tive Sodium | Potassium| Sodium Sodium Sodium | Sodium 
added chloride nitrate bisulfite | benzoate | salicylate | borate 








pet. pet. pet. pet. pet. | pet. 
100.0* . 100.0 100.0 100.0 | 100.0 
99.9 P 99.9 99.9 100.0 100.1 
98.8 ‘ 99.8 97.9 99.6 | 100.0 
98.4 9. 97.2 95.8 98.0 | 100.8 
97.6 98. 96.4 90.3 96.4 98. 99.8 
94.9 
87.4 96.7 


1The amount of starch determined in the control was considered as 100 per cent. 























Various amounts of sodium chloride, potassium nitrate, sodium bisul- 
fite, sodium benzoate, sodium salicylate, boric acid, and sodium borate 
were separately used in the method. A starch blank was run with each 
set of experiments and, for the purpose of comparison, the amount of 
starch determined in the mixture, containing different amounts of a given 
preservative, were expressed in terms of the percentage of starch recov- 
ered. Results showing the effects of different preservatives on diastase 
activity are recorded (Table 1). 

A study of the results recorded in the table indicates that small amounts 
of the different preservatives used have little effect on the accuracy of the 
diastase method. 

The addition of sodium chloride in amounts greater than two grams 
diminishes somewhat the percentage of starch recovered. When five grams 
of sodium chloride were used, only 87.4 per cent of the starch was recovered. 

Potassium nitrate had very little effect on the diastase determination. 
Sodium bisulfite and sodium salicylate in amounts greater than two grams 
had some detrimental effects. 

Sodium benzoate showed the greatest detrimental effect on the recovery 
of starch by the diastase method. When three grams of this preserva- 
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tive were present, only about four-fifths of the total starch present was 
recovered. 

Neither boric acid nor its sodium salt in amounts up to three grams 
showed any detrimental effect on the diastase determination. 

With all the preservatives except NaCl, the amounts used represent 
in most instances much greater amounts than would be used in food 
products. 


CONCLUSIONS 


1. The effects of seven different preservatives on the diastase method 
of determining starch have been investigated. 

2. The effects observed are the result of the chemical nature of the 
preservative rather than because of a change in pH caused by the intro- 
duction of the preservative. 

3. In most instances, an increasing amount of preservative effected 
a lower starch recovery. 

4. The amount of the decrease in the percentage of starch recovered 
is not significant, inasmuch as the amounts of preservative used are far 
in excess of those ordinarily found in food products which might be 
examined for starch. 
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During the past year considerable interest has been shown in the use 
of dehydration as a method for home food preservation. Factors con- 
tributing to this interest are the victory garden program, the shortage of 
home-canning equipment and freezing facilities, the rationing of commer- 
cially eanned and frozen fruits and vegetables, and the publicity that has 
heen given to commercial dehydration. 

Information has been made available by the Department of Agriculture, 
experiment stations, and other agencies on home dehydration and methods 
of making home dehydrators. 

On July 8, 1943, the War Production Board (1943) authorized the 
production of a limited number of home dehydrators in order to provide 
additional home food-preservation facilities. Under this program the unit 
was defined as follows: ‘‘ Domestic food dehydrator means a self-contained 
food dehydrating unit designed for home use consisting of a cabinet, fan 
or blower, a thermostat, and source of heat provided by either a heating 
element, light bulbs, or fuel burning device and constructed so that tem- 
perature, humidity, and air flow are controlled.”’ 

In addition to the electric or foreed-draft type of home dehydrator 
described above ‘‘natural draft’’ or ‘‘top-of-stove’’ dehydrators and oven 
dehydrators or drying racks have been described by various agencies 
and certain types have appeared on the market. These latter two types 
of home dehydrators depend on sources of heat already available in the 
home and a natural rather than a forced-air circulation to accomplish 
the drying. Such units may be made at home but they have certain 
limitations as will be described later. 

In recent months this laboratory has had occasion to test and evaluate 
the performance of a number of home dehydrators. An attempt was made 
to determine what constituted a satisfactory performance and operation 
in a home dehydrator and to improvise a method for evaluating different 
models. 

It is the purpose of this paper to outline the test procedure used and to 
present experimental results that have been obtained. The method de- 
scribed, although incomplete from an engineering standpoint, is easily 
performed and provides the desired information. 

PROCEDURE FOR TESTING HOME DEHYDRATORS 

Medium-sized carrots were chosen as a test food because they are gen- 
erally available and have been found to possess relatively uniform drying 
characteristics. 


‘Contribution No. 497, Massachusetts Agricultural Experiment Station. 
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The procedure as adopted for testing home dehydrators is as follows: 


1. Peel medium-sized fresh carrots, slice into %g-inch slices with a mechanical slicer, 

2. Blanch sliced carrots for 10 minutes in steam. 

3. Weigh the empty and thoroughly dry dehydrator trays. 

4. Load each tray with blanched carrots on basis of 14% pounds carrots per square 
foot of drying area. The carrots should be evenly distributed over the trays. 
Weigh loaded dehydrator trays. 

. Operate the dehydrator with the heat on for 15 minutes prior to the start of the 
test in order to warm up the cabinet. The temperature of the dehydrator should 
be set at 62.8-65.6°C.(145-150°F.). 

. Place the weighed trays of carrots in the dehydrator, close the door, and begin 
the drying operation. The total electrical energy consumed during the test should 
be measured by means of a watt-hour meter. 

. At hourly intervals the trays should be weighed individually and then replaced 
in their original position in the dehydrator (unless design of unit calls for 
rotating the trays). The temperature on the different trays should be measured 
periodically by means of a thermometer or thermocouple. When the trays are 
removed and weighed, the uniformity of drying over the tray area should he 
observed. The hourly consumption of electricity should be recorded. 

. The performance of the thermostat (if present) should be checked by measuring 
the temperature variation through several cycles at intervals during the test. 
10. The test is considered to be completed when no weight is lost during a one-hour 

period. 


Upon completion, this test will provide the following data regarding 


the performance of the dehydrator being examined: 
1. Rate of drying and drying time: A drying curve may be constructed from the 
data obtained to indicate the rate of drying. 

. Uniformity of air flow and temperature: The variation in weight and appearance 
between the different trays during drying provide a good picture of the uni- 
formity of air flow and temperature. 

. Performance of thermostat: The ability of the thermostat to control the tem- 
perature within a narrow range is indicated by maximum and minimum tempera- 
ture variations during several cycles. 


. Operating efficiency: May be calculated from the amount of energy consumed 
and the amount of water evaporated. 


- Quality of finished product: The dried product should possess a good color and 
appearance and a natural flavor when reconstituted immediately after drying. 


RELATIVE OPERATING EFFICIENCY 


From the relation between the amount of heat actually used in the 
evaporation of water from the product and the total amount of energy 
utilized during the drying operation, the relative operating efficiency of 
a dehydrator may be calculated. In the calculations it may be assumed 
that one kilowatt-hour of electricity is equivalent to 3,412 B.t.u. and that 
1,000 B.t.u. is the average quantity of heat required to evaporate one 
pound of water. The relative operating efficiency of the dehydrator can 
be expressed as follows: 


Relative operating efficiency = 


Pounds water evaporated X 1,000 B.t.u. 


- -— x 100. 
Kilowatt-hours electricity used & 3,412 
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In home dehydrators with foreed-draft circulation the relative operat- 
ing efficiency takes into consideration the energy required to operate the 
motor and hence is not an actual evaluation of the thermal efficiency of 
the unit. 

EXPERIMENTAL RESULTS 

Experimental results obtained in testing different models of home dehy- 
drators are present (Table 1). In the two natural-draft units and one of 
the foreed-draft units the trays were rotated during the drying operation. 
With units of this type significant data on the weight variation between 
trays cannot be obtained because the rate of drying in the upper part of 
the dehydrator is slower than in the lower part. In practice this variation 
is overcome by rotating the trays. 


TABLE 1 


Performance Data Obtained During Dehydration of Sliced Carrots’ 
in Different Kinds of Home Dehydrators 








Maximum 
net-weight Time 5 
Weight | Amount variation when Elec- Relative 
Model of of between | maximum] tricity | operating 
load | Moisture trays per | variation con- efficiency 
removed sq. ft. occurred sumed 


tray area 





oz. 02. oz. hr. kw.-hr. 
Foreed draft 212 184 ‘ 2.2 9.8 
Forced draft 89 77 5.0 3.3 
Foreed draft 252 224 3.1 7.4 
Forced draft 200 177 ‘ 4.3 8.4 
Forced draft 235 208 1.9 9.2 
Forced draft 252 224 14.0 
Foreed draft 209 184 8.0 
Forced draft 144 129 : 5.4 
Foreed draft 489 434 ‘ 19.4 
Foreed draft 203 177 ide wisn 8.8 
Natural draft 140 122 eal cass 4.9 
Natural draft 71 62. 5 ia ‘ba 4.8 
Natural draft 118 103 sie ian 6.5 
Oven 80 69 ae ae 85.0? 
Oven 34 30 5 an asin 29.0? 


11% pounds per square foot of tray area. 2? Cubic feet of gas. 





























Typical drying curves representative of foreed-draft and natural-draft 
dehydrators (Fig. 1) indicate that in the natural-draft type of dehydrator 
drying time is relatively long while the foreed-draft type of dehydrator is 
characterized by a much shorter drying time in which the rate is quite 
rapid except near the end of the drying period. 

As mentioned above a small variation in the drying rate of different 
trays is indicative of uniform temperature and air circulation. Data are 
presented to show the degree of uniformity of drying to be expected in a 
dehydrator of good design as contrasted with a dehydrator characterized 
by uneven temperatures and air flow (Fig. 2). The greatest variation in 
the drying rate between different trays has been found to occur when the 
drying was from 30 to 50 per cent complete as measured in terms of total 
required time. Based on present experience the maximum variation in 
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weight between different trays in a satisfactory dehydrator should not 
exceed 3.2 ounces per square foot of tray area when loaded with 11% 
pounds of sliced carrots per square foot. 

The relative operating efficiency of a unit has been found to provide a 
good picture of its over-all performance. In general if the relative operat- 
ing efficiency is 40 per cent or greater, one may expect that the dehydrator 
will dehydrate foods satisfactorily. The theoretical relationship between 
relative operating efficiency and kilowatt hours of electricity required to 
evaporate one pound of water is shown (Fig. 3.). In dehydrators with a 

















per pound of water evaporated 


Kilowatt-hours electricity required 





ne 





“— 




















40 60 80 
Relative Operating Efficiency 
(percent) 


© Relative operating efficiency as determined experimentally for different models of home dehydrators. 


Fig. 3. Relationship between energy requirements and relative operating efficiency 
of home dehydrators. 
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relative operating efficiency below approximately 40 per cent a marked 
reduction in the energy required is necessary to realize a significant in- 
crease in efficiency. Such a condition has been found to be indicative of a 
definitely poor design or construction. In units with a relative operating 
efficiency of 40 per cent or over, an increase in efficiency is accompanied 
by a relatively small reduction in energy requirements. Based upon pres- 
ent models of home dehydrators it is questionable how much their relative 
operating efficiency could be increased over 50 to 60 per cent. These 
observations are essentially in agreement with those of Cruess (1943). 
According to this author a well-designed commercial dehydrator should 
show a fuel efficiency of at least 40 per cent, and in his opinion an efficiency 
above 50 per cent is very difficult to obtain. 










































TABLE 2 


Effect of Kind of Product Being Dried on Performance of a 
Home Dehydrator 
































Product ¥ a Moisture Drying Electricity Porm 

load removed time consumed efficiency 
02. 02. hr. kw.-hr. pet. 
I ID 5 scactassiiciinveniaiemesseiuaael 173 157 7.0 6.7 43.0 
Pe ID sciscceevsciscitnnnsccsaneneccssseved 272 230 12.5 10.0 42.2 
Cab baee (GNTOES) onccccoscccccssvccccsccessseoed 188 174 9.5 z7 41.5 
CAPO OU COTIOOE ) scccciccisiscecsocssvecsesesssene 209 184 8.0 8.0 41.6 
MIN sisted cessaeishlegiasaapiidaenarceulaicasdaetuiin 64 57 2.3 2.2 47.5 
Potatoes, Irish (strips)...........0.0+ 226 187 10.0 7.4 46.3 
Potatoes, sweet (slices)...........ceee 320 232 13.8 13.7 31.1 
Apples (14 sections )..........cssssessesses 288 257 17.0 11.7 40.3 
PGIOD CRITE) ecicccscescseccesscsossesescsoss 308 276 20.0 16.6 34.1 
Plums, blue (halves)... 398 314 24.5 19.3 30.2 
Pees, FOR CHAIN ) acccesecescocccsocscccedees 423 355 22.0 ws 36.7 

TABLE 3 


Effect of Tray Load on Drying Time and Performance 
of @ Home Dehydrator 














Sliced carrots Potato strips 
Tray load 
per square Drying Relative operat- Drying Relative operat- 
foot time ing efficiency time ing efficiency 
1b. hr. pet. hr. pet. 
0.5 8 18.8 7 27.4 
1.0 10 33.8 9% 37.8 
1.5 12 39.4 12 40.6 
2.0 16 45.2 16 45.0 
3.0 22 51.5 

















EFFECT OF TRAY LOAD AND KIND OF PRODUCT ON PERFORMANCE 
OF HOME DEHYDRATORS 


The operating efficiency and performance of home dehydrators is also 
influenced by the kind of product being dried and the tray load (Tables 2 
and 3). The performance of a dehydrator improves with the speed with 
which a product gives up its moisture. The efficiency of operation im- 
proves with a heavier tray loading. However, this increased capacity is 
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ked achieved at the cost of an increase in drying time. This factor deserves 
in- eareful consideration because, as is well known, rapid drying makes for a 
fa better finished product. 
ing In home dehydration it is essential that the product be thoroughly dried. 
ied It is important to remember that the lower the final moisture content, the 
res- slower will be the rate of loss of quality and vitamins during storage. 
ive 
ese PERFORMANCE REQUIREMENTS OF A SATISFACTORY 
3), HOME DEHYDRATOR 
ald On a basis of experimental work and the standardized test outlined 
1ey above, it is believed that in most cases a home dehydrator may be consid- 
ered satisfactory from the performance standpoint if it meets the follow- 
ing requirements: 
1. The dehydrator should have a relative operating efficiency of at least 40 per 
cent when measured according to the standardized test. 
2. With forced-draft units the net-weight variation of product per square foot of 
= tray area between trays, when loaded at the start with 14% pounds of carrots 
oe sliced *4g inch thick, should not exceed 3.2 ounces at any time during the drying 


cy period. 
ies 3. The temperature on and above the trays should be controlled within a range of 
4.8°C.(15°F.) and preferably 2°C.(10°F.). 
4. All sections of the trays should dry uniformly. 
5. With foreed-draft units the motor, thermostat, and heating element should be 
designed to stand up under the operating conditions to which they are subjected. 


6. The general construction of the dehydrator and its parts should be durable, 
should not present a fire hazard, and should provide for simplicity of operation, 
handling, and cleaning. 


. The finished product should be of good quality. 


SUMMARY 


A method has been described which may be used for evaluating the 
performance of home dehydrators. Based on this test, minimum perform- 
ance requirements for a home dehydrator are suggested. Data are also 
presented to show the influence of different products and tray loadings 

_ on the operation of home dehydrators. 
— It has been found that foreed-draft home dehydrators of good design 
are most satisfactory for dehydrating foods in the home. 

Natural-draft dehydrators, if properly designed, have also been found 
to yield good results but with this type of unit the drying time is longer, 
attention must be given to the control of the temperature, and the trays 
must be rotated at one- or two-hour intervals. In general, oven drying is 
least satisfactory because of the difficulty in controlling oven temperatures, 
the temperature variation in different parts of most ovens, and the fre- 
queney with which the trays must be rotated and shifted. 
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The essentiality of cobalt in animal growth and health has been well 
established as a result of studies of troubles of a certain type in grazing 
animals in different parts of the world. In each instance it was recognized 
that these troubles, later overcome with the use of cobalt, were limited to 
certain areas of the country in question, and a recognized cure before the 
cause of the disease was known was to shift the cattle or sheep to other 
areas, often nearby, that were not associated with the disease. 

The oceurrence of cobalt in soils and plant materials has not been 
studied extensively. Washington (1925) estimated that there is about 0.23 
per cent of cobalt in the whole earth; Goldschmidt (1937) suggests that 
a large part of this cobalt, owing to equilibria of partition between metallic 
or semimetallic phases and silicate phases, has been eliminated from the 
earth’s crust, and consequently the cobalt content of the crust does not 
exceed 40 grams per ton or approximately 0.004 per cent. The early work 
of Robinson (1914) and of Bertrand and Mokragnatz (1922a, 1922b, 1924, 
1925) indicates, however, that cobalt must be widely distributed in both 
soils and plants regardless of their origin or kind. Bertrand and Mokra- 
gnatz, for example, found cobalt in all of 20 samples of the edible portions 
of plants collected from different soils except one sample of carrots. They 
also observed that the parts of the plant have somewhat the following 
relative standing with respect to their content of cobalt: leaves > seeds > 
fruits > roots and tubers. In the stem of the plant, cobalt was found to be 
more abundant in the wood than in the bark, and the integuments of the 
grain contained about the same amount of cobalt as did the kernel in the 
samples of wheat and oats examined by them. 

Although many investigators throughout the world have reported on 
the cobalt content of pasture herbage, few reports other than Bertrand’s 
have been made on cobalt in human foods. Ahmad and MeCollum (1939) 
published data on the cobalt content of beans, peas, corn, and wheat and 
other foods from various parts of the United States. Their data also indi- 
cate a widespread distribution of this element. ? 

In this laboratory an investigation is under way to establish patterns of 
distribution in the United States of the nutritionally important micro- 
nutrient elements. Since less is known of cobalt and its occurrence in 
soils and plants than of some other elements, more emphasis has been 
placed upon its determination at this time. Furthermore, it has been 
possible through the co-operation of various experiment stations to obtain 
samples of food materials that had already been used for studies of other 
micronutrient elements, such as iron, copper, and zine. The data obtained 
from a study of these and other samples are reported in this paper. 
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. EXPERIMENTAL PROCEDURE 

The origin of each sample is shown in the tables. The turnip greens 
and spinach from Mississippi were submitted for this work by Miss Olive 
Sheets, Department of Home Economics, Mississippi Agricultural Experi- 
ment Station. The materials from Texas were received from Dr. Jessie 
Whitacre, Division of Rural Home Research, Texas Agricultural Experi- 
ment Station. The turnip greens from Virginia were submitted by Prof. 
H. H. Hill, Virginia Agricultural Experiment Station. All of these mate- 
rials were produced in connection with a co-operative effort of several 
southeastern stations in studies of mineral and vitamin contents of vege- 
tables. Various samples from Coffee County, Alabama, and Giles County, 
Tennessee, were collected by CC. A. Kinser of the National Institute of 
Health, in connection with certain surveys of those counties. The samples 
were submitted by Dr. W. H. Sebrell of the National Institute of Health. 
The mangel-beet leaves from Rhode Island were obtained from Vice Direc- 
tor B. E. Gilbert of the Rhode Island Experiment Station. They were a 
part of a study of the effect of one crop on the yield and quality of the 
succeeding crop. The samples from Massachusetts were obtained from 
Prof. W. S. Ritehie, Department of Chemistry, Massachusetts State Col- 
lege. ‘These samples, which have been described and analyzed by Holland 
and Ritchie (1941), may be identified in their publication by the Massa- 
chusetts numbers given (Table 1). The spinach leaves and mangel-beet 
leaves from Storrs, Connecticut were submitted by Prof. B. A. Brown, De- 
partment of Agronomy, Connecticut Agricultural Experiment Station. 

The turnip greens from Mississippi were washed in tap water immedi- 
ately after harvesting, followed by rinsing in distilled water. The excess 
of water was removed by blotting them with cheesecloth, and the samples 
were dried and ground in an Abbé mill. The preparation of samples from 
other sourees was essentially the same. Hood, Parks, and Hurwitz (1943) 
have found that the ball mill with flint balls contributes some cobalt to 
the sample in the course of grinding, particularly when the sample is 
small. A maximum contamination of 0.03 microgram of cobalt per gram 
of plant material was obtained in a sample of 120 grams ground for 19 
hours. Other conditions resulted in a greater or less contamination, but 
these conditions were more typical for the materials used in this study. It 
is evident from the data (Table 2) that an error of this magnitude is not 
serious exeept for samples that are very low in cobalt. 

Two methods of analysis were used: (a) the nitroso-R-salt method as 
modified by Kidson and Askew (1940) and (b) the o-nitroso eresol method 
as developed by Thompson and Ellis (1943) from the original nitroso- 
phenol method of Cronheim (1942). The agreement between the methods 
was excellent, but the method of Thompson and Ellis has the following 
advantages: (1) there is greater ease of manipulation, (2) the color in- 
tensity can be determined in a photoelectric colorimeter, and (3) it is 
very sensitive and thus a smaller sample can be taken for analysis. 


DISCUSSION OF RESULTS 


An examination of the average cobalt contents along with their standard 
errors (Table 2) reveals a significant difference between certain groups of 
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TABLE 1 


Cobalt Content of Some Foods 


(Moisture-free basis) 








Materials 


Source 


Description 


Num- 
ber of 
samples 


Co (p.p.m.) 











Beans, wax..... 


Beets, roots..... 


Beets, roots..... 


Beets, roots..... 


Beets, tops...... 


Beets, tops...... 


Cabbage 


Cabbage 


Cabbage 


Cabbage 


Cabbage 


Chard, Swiss... 


Corn, field 


Corn, field 


Corn, field 





Mass. State 
College 


Mass. State 
College 


Mass. State 
College 


Mass. State 
College 


Mass. State 
College 


Mass. State 
College 


Coffee Co., 
Alabama 


Giles Co., 
Tennessee 


Giles Co., 
Te 1. 
ennessee 


Mass. State 
College 


Mass. State 
College 


Mass. State 
College 

Coffee Co., 
Alabama 


Giles Co., 
Tennessee 


Giles Co., 
Tennessee 





Strings removed; harvested 8/ 
1/34; Mass. No. 62; grown in 
New England upland section. 


Pared; harvested 7/12/34; 
Mass. No. 65. 


Boston Crosby; seraped; har- 
vested 8/6/35; micronutrients 
applied; Mass. No. 352, 353, 
354, 355. 


Ditto but no micronutrients; 
Mass. No. 356. 


Boston Crosby; mature; crops 
of 1935 and 1936; micronu- 
trients applied; Mass. No. 
358, 359, 360, 488, 489, 490, 
491. 


Ditto but no micronutrients. 


Edible portion of mature head; 
crop of 1939; grown in East 
Gulf coastal plain. 


Edible portion of mature head; 
crop of 1939; grown in Nash- 
ville basin. 


Edible portion of mature head; 
crop of 1939; grown in high- 
land rim section. 


Crops of 1933 and 1937; Mass. 
No. 2 and 688; grown in New 
England upland section. 


Mass. No. 689, 698, 699; grown 
in seaboard lowland section. 
Mass. No. 3 and 87. 


Mature grain; grown in East 
Gulf coastal plain. 


Mature grain; grown in Nash- 
ville basin. 


Mature grain; grown in High- 
land rim section. 





1 





0.06 





0.09 


0.06 


0.06 


0.01 


0.01 





0.01 





0.09 








COBALT 


CONTENT OF SOME 


TABLE 1 (Continued) 


FOOD 


PLANTS 


Cobalt Content of Some Foods 


(Moisture-free basis) 





Materials 


————————— 


Corn, field 


Cowpeas........+ 


Cowpeas........- 


Cowpeas 


Cowpe:as 


Cowpeas 


Lettuce 


Mangel-beet 


Spinach 


Source 


| 
Description | 


Num- 
ber of 
samples 


Co (p.p.m.) 





Min. 





Giles Co., 
Tennessee 


Coffee Co., 
Alabama 

Giles Co., 
Tennessee 


Giles Co., 


Tennessee 


Giles Co., 


Tennessee 


College Sta., 
Texas 


Mass. State 
College 


Mass. State 





College 


| Mass. State 
College 


Kingston, 
R. 1. 


State Col- 


State Col- 





Storrs, Conn. 


lege, Miss. 





lege, Miss. 


Mature grain; grown in allu- 
vial soil. 


Mature seed; crop of 1937; 
grown in East Gulf coastal 
plain. 


| 
Mature seed; crop of 1937; 
grown in Nashville basin. 


Mature seed; crop of 1937; 
grown in highland rim section. | 
| 


Mature seed; crop of 1937; | 
grown on alluvial soil. 


Mature seed; crops of 1939 and 
1941; grown on West Gulf 
coastal plain on Lufkin fine 
sandy loam. 


Boston head; edible portion, 
good condition, 1933; Mass. 
No. 4; grown in New Eng 
land upland section. 





New York 12; micronutrients 
applied; Mass. No, 322, 323, | 


324, 325, 468, 469, 470, 471. | 


Ditto but no micronutrients ; | 
Mass. No. 326 and 472. 
| 


Crop of 1942; grown in New 
England upland section on 
Charlton fine sandy loam. 


Crop of 1942; grown in sea- 
board lowland section on 
Bridgehampton very fine 
sandy soil. 


Aragon (Hastings) variety; cut 
14 to % ineh above crown 
of root, yellow leaves diseard- 
ed; plants just past prime for 
market; crop of 1941; grown 
in East Gulf coastal plain on 
Ochlockonee fine sandy loam; 
nitrogen applied. 


Ditto but no nitrogen. 





9 





0.01 








0.10 


0.06 


0.20 
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* TABLE 1 (Continued) 


Cobalt Content of Some Foods 


(Moisture-free basis) 





Materials 


Source 


Description 


Num- 
ber of 
samples 


Co (p.p.m.) 





Min. 





Spinach 


Spinach 


Spinach 


Spinach 


Spinach 


Spinach, New 
Zealand 


Sweet 
potatoes...... 


Sweet 
potatoes...... 


Turnip 
greens 


Turnip 
greens......... 


Turnip 
greens 


Turnip 
greens.......... 


Turnip 
greens......... 





Mass. State 
College 


Mass. State 
College 


Mass. State 
College 


Storrs, Conn. 


Storrs, Conn. 


Mass. State 


College 


Coffee Co., 
Alabama 


Giles Co., 
Tennessee 


Mississippi 


Virginia 


Virginia 


Texas 


Texas 





Crop of 1934; Mass. No. 90 and 
91; grown in New England 
upland section. 


Burpee’s Victoria; micronutri- 
ents applied; Mass. No. 316, 
317, 318, 319. 


Ditto but no micronutrients. 


Grown in New England upland 
section; micronutrients ap- 
plied. 


Ditto but no micronutrients. 


Crops of 1933 and 1934; beyond 
edible stage, seed formed; 
Mass. No. 11 and 81; grown 
in New England upland sec- 
tion. 


Crop of 1937; edible portion. 


Crop of 1937; edible portion. 


Seven-top variety; leaf blade 
only; planted in fall of 1938; 
mature but still marketable; 
fertilizer applied; grown in 
East Gulf coastal plain. 


Seven-top variety; leaf blade 
only; grown at Norfolk, Va. 


Seven-top variety; leaf blade 

only; grown at Blacksburg, 
a. 

Seven-top variety; leaves only; 
fall crops of 1938 and 1939; 
irrigated; grown in the Osage 
plains of the Central Low- 
land Province on Yahola 
loamy very fine sand. 


Seven-top variety; leaves only; 
fall crops of 1938 and 1939; 
irrigated and fertilized; 
grown in West Gulf coastal 
plain on Orelia clay loam. 





9 


~ 





0.28 


0.09 
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TABLE 1 (Concluded) 
Cobalt Content of Some Foods 


(Moisture-free basis) 





Num- Co (p.p.m. 
Materials Source Description ber of 
samples 








Turnip 
greens..... Texas Seven-top variety; leaves only; 
planted in fall of 1938; large, 
tender leaves; grown in West 
Gulf coastal plain in Lufkin 
fine sandy loam. 
Turnip 
greens..... Four varieties all grown under 
similar conditions; crop of 
of 1941; no fertilizer applied ; 
grown in gulf coastal plain. 
Turnip 
greens..... Ditto but fertilized. 





Turnip 

greens..... Texas Crop of 1940; composite sam- 
ples of 16 treatments each; 
grown in gulf coastal plain. 


Turnip 
greens..... Above-ground portion of plant; 

fall crop of 1940; gypsum 

applied; grown in New Eng- 

land upland section. 

Turnip 
greens Mass. Ditto but no fertilizer. 0.92 


Turnip 
greens..... Mass. Ditto with phosphate applied. B+ | 0.28 




















materials used in this study. The cobalt content of the spinach is signifi- 
cantly higher than that of any other food examined. The group containing 
mangel-beet leaves, beet tops, and turnip greens contains significantly 
more of this element than the remaining groups, and the group including 
the root erops and field corn falls in the lowest category. The beet tops 
contain nearly six times as much cobalt as their roots, and in general, the 
data indicate that the leafy foods contain the highest amount of cobalt. 

Numerically the data reported here are not sufficient to be useful in 
any detailed soil studies but, in general, they indicate that certain regional 
differences in cobalt content of foods may exist. Thus, where the cobalt 
contents of turnip greens from different natural regions are summarized 
(Table 3) it is clear that those samples collected from certain parts of the 
coastal plain contain much smaller quantities of cobalt than do those from 
other areas. This regional difference is further emphasized in the cobalt 
content of mangel-beet leaves (Table 1) where it is apparent that those 
produced in the New England upland contain more cobalt than do those 
grown in the Atlantie coastal plain. It should be noted, however, that the 
samples of spinach (Table 1) from Mississippi contain as much or more 
cobalt as do those from Massachusetts and Connecticut. 
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There is some indication in these data that a deficiency in the soil of a 
macronutrient element, such as nitrogen that limits the growth of the 
plant, may result in a higher cobalt content of the unfertilized plant, 
particularly where the supply of cobalt is limited. Thus, the unfertilized 
spinach from State College, Mississippi (Table 1) contains 1.20 p.p.m. 
of cobalt, while the application of nitrogen resulted in an increased yield 


TABLE 2 
Summary of Cobalt Content of Samples Investigated 
According to Species 
(Moisture-free basis) 








Number of 


Species samples 


Cobalt 





Group I p.p.m, 
20 0.67 + 0.05 


NE IE: II gcc ctsccscsousesicedsesnesbusteccaecioccens etenseess 0.40 + 0.05 
Be inci onieacidvascn suse snacciieaassandorraseintuctesmeomeiaiieds ‘ 0.40 + 0.03 
Turnip greens : 0.34 + 0.04 
Group III 
Lettuce 0.21 + 0.07 
Cabbage 0.19 + 0.03 
5 isiiseiscc Za lyvesisticsl Dusaaiediaicdandyaaiidseaticanbeitaaiceidbeaevboniced | 0.16 + 0.02 
Group IV 
Beets, roots....... 0.07 + 0.01 
es MINI  ssscissivecrccecscsuasbinseks ; 0.03 + 0.01 
Corn, field 0.01 + 0.002 











1 Mean with standard error. 


Cobalt Content of Turnip Greens, Summarized According 
to Natural Regions 








, Number of 
Region samples Cobalt 





p.p.m, 
East Gulf coastal plain : 0.10 
Atlantic coastal plain § 0.08 
Central lowland ; 0.43 
West Gulf coastal plain j 0.41 
New England upland 0.38 











but a much lower content of cobalt. Many of the materials from Massa- 
chusetts State College were grown in lysimeter plots with applications of 
iron, copper, manganese, or iodine [Holland and Ritchie (1941)] but 
neither the summaries in Table 1 nor the more detailed unpublished data 
show any effect of these micronutrients on the cobalt content. The spinach 
from Connecticut had also received applications of boron and manganese. 
but no relationship to cobalt content is apparent. None of these materials 
was grown on soils fertilized with cobalt compounds. It was found by 
one of us (Beeson), however, that lettuce grown on the Chester loam in 
Virginia contained 0.3 p.p.m. of Co (dry basis) with no cobalt applied to 
the soil, and 5.1 p.p.m. of Co when four grams of cobalt sulfate was added 
to an area of soil containing 20 heads of lettuce. This was an excessive 
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application, but it indicates that cobalt is readily absorbed by the plant 
when a quantity of it is present in the soil. This is in agreement with 
many pasture investigations particularly in New Zealand. 

The effect of the stage of maturity, the cultural practices, .ad climatic 
conditions eannot be evaluated from these data since they were not ob- 
served where location, soil type, and other factors were maintained as 
constants. 

In the evaluation of data of the kind presented here, particularly with 
respect to regional differences, it is of utmost importance to observe and 
note all of the availabie information concerning those factors likely to 
modify the composition of the plant. In this laboratory, the following 
information is considered to be essential in interpreting analytical data 
on plant material : 


1. ComMON AND ScrentiFic NAMEs: The type or variety and strain 
should be noted if possible. 


DESCRIPTION OF SAMPLE: 

(a) Stage of maturity. This should be related as definitely as pos- 
sible to the appearance or development of some organ of the 
plant as the bud or the seed with descriptions of the stage of 
maturity as ‘‘in milk stage.’’ Terms such as ‘‘mature as for 
hay’’ or ‘‘marketable as for food’’ are not very definite unless 
management practices and market requirements are very well 
standardized. 

The part of the plant taken should be carefully described, and 
wherever possible, it should be a definite organ. If a portion 
only of the leaves, for example, is selected, their position on the 
stem should be recorded. 

The number of cuttings of forages and the yields might be 
noted when the information is available. 

The condition of the plant at harvest. Observations as to a 
diseased condition or insect injury should be made. The relative 
size of the plant, the proportion of leaves to stem, and the gen- 
eral marketable qualities might be noted. 

(e) Treatment after harvest. The methods of removing soil con- 
tamination, drying, and grinding should be recorded. 


Source oF SAMPLE: It is very important to describe as accurately 
as possible the location of the plot or field from which a sample was 
obtained. Where practicable, the locations should be indicated on 
detailed soil maps of a scale of at least one inch to the mile. A 
eareful description also makes it possible to obtain additional sam- 
ples from the same location. 


DESCRIPTION OF THE Som: The name of the soil type as classified 
by the U. S. Department of Agriculture, Soil Survey, is preferred. 
Such terms as loam, sand, or clay have much less significance al- 
though where no soil survey has been made, they may be useful if 
an aceurate description of the location and other soil characteristics 
is made. 
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. CULTURAL INFORMATION : 

(a) Fertilizers applied. Particular attention should be given to the 
use of the micronutrient elements. The use of sprays should be 
noted. 

(b) History of the plot or field. This should include the crop rota- 
tions used and past fertilizer applications. 

(ec) Rainfall or other climatic data. The distribution as well as the 
quantity of rainfall is of importance in certain regions. The 
use of irrigation waters should be noted. 

(d) The dates of planting and harvesting are sometimes useful 
information. 


It is recognized, of course, that it is not possible always to collect all 
of this information, but the recording of a substantial part of it will con- 
tribute greatly to the value of the analytical data. 

The information accompanying the materials used in this study was 
unusually complete with respect to descriptions of the sample, its condition 
at harvest, and the location and soil type where it was grown. Additional 
information would aid in interpreting, for example, the differences found 
that seem to be related to fertilizer applications. Thus, differences in 
distribution of rainfall throughout the growing season might so affect 
composition as to entirely obliterate any soil effect as between two locali- 
ties. Likewise, differences in the stage of maturity or the time of harvest 
might easily account for important variations in the mineral content of 
the plant. It is recognized, of course, that in the final analysis the true 
evaluation of the relationship of soils or any factor to the nutritive value 
of plants must rest upon two fundamental steps: first, that the plant must 
be grown under carefully controlled conditions with this objective in mind 
and second, the nutritive value must be biologically measured. Thus, the 
response of an animal to differences in the cobalt content of a plant could 
be the result of many factors of which the total amount present is only one. 


SUMMARY 


The cobalt contents of a number of common food plants have been 
presented. These materials were carefully selected from various regions 
of the United States and give some indication of environmental factors 
which may influence the cobalt content of a plant. The information essen- 
tial to a proper evaluation of data of this kind is discussed. 
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The main objectives in preservation of eggs for human consumption 
are as follows: (1) to slow down the rate of physical and chemical dete- 
rioration, (2) to preserve the nutritive value and cooking characteristics, 
and (3) to retain the natural appearance of egg contents. To achieve 
these objectives the eggs must be guarded from possible physicochemical 
changes resulting from contact with dry, liquid, or gaseous preservatives 
as well as from adulteration during actual processing. Cold storage, al- 
though the most natural, is effective only for a relatively short time: 
therefore a simple, practical method for extending the use of cold stor- 
age, or for keeping at higher temperatures for a limited time when cold 
storage is not available, is much desired. 

Among numerous methods, heat treatment of eggs is of more recent 
interest and promise. In fact, there have been many attempts made to 
use heat in preservation of eggs. Benjamin (1914) stated that ‘‘if an egg 
is dropped into water of just the right temperature, a very thin film of 
hardened albumen is formed just inside the shell, and this makes the egg 
yolk appear relatively less distinct and the egg consequently fresher than 
it really is.’’ Cadet de Vaux [quoted by Leach (1920), p. 1090] suggested 
that a heat-coagulated thin layer of white next to the shell forms an im- 
pervious coating inside the shell. 

Recently Funk (1943a) made a study of preservation by submerging 
eggs into oil at 60°C.(140°F.) for about 10 minutes to cause a slight 
coagulation of the entire egg albumen. It is possible that partial reversion 
in this coagulated albumen may occur with aging as it does in other pro- 
teins—albumins [Adolph (1926)]|. It was observed that the treated fertile 
eggs could be kept in ‘‘good edible condition’’ for six weeks at as high a 
temperature as 29.4°C.(85°F.). He emphasized [Funk (1943b)] that 
there is a complete arrest of embryonic development and check in bac- 
terial growth. The former is undoubtedly an essential factor in preserving 
fertile eggs during hot summer months. As far as the bacterial growth is 
concerned it has been shown by Wedeman (1940) that eggs inoculated 
with paratyphus-enteritis group before ‘‘pasteurization’’ by a somewhat 
more drastic method—heating for 20 minutes at 65°C.(149°F.)—were not 
made sterile. 

Considering the general importance and applicability of this method 
for commercial use Barott and McNally (1943), using Funk’s conditions 
of treatment, performed numerous tests on temperature coagulation (opac- 
ity) of egg albumen. From this study they concluded that there are 
several variables that may interfere with securing uniform results by 
this slow heating method. The more important of these are initial tem- 
perature, size, and freshness of the egg. To overcome these variables would 
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require more accurate control of temperature according to the condition 
of eggs at the time of their treatment. 

Along a somewhat similar line of endeavor we have been carrying on 
experimental work at Cornell. Our chief objectives, however, were (1) to 
determine temperature and time of exposure required to coagulate a very 
thin layer of, outer albumen, which may serve as a protective film to the 
contents of the egg, and (2) to evaluate the effectiveness of such treat- 
ment in preservation of eggs held for human consumption. 


MATERIAL AND METHODS 

Over 950 White Leghorn (Gallus domesticus) eggs, which immediately 
after laying were held at room temperature for at least two hours, were 
treated in small lots (about 18 eggs) at temperatures from 60°C.(140°F.) 
to 100°C.(212°F.) for various periods, up to one minute. In treatment 
each lot of eggs was placed in a single layer in a wire basket and immersed 
in a thermostatically controlled water bath. They then were air cooled 
and, together with control lots, stored at room temperature, 21°C.(70°F.), 
and at refrigerator temperature, 5°C. (41°F.), for as long as 12 months. 

In the examination of treated and control lots of eggs observations were 
made for the appearance of coagulated albumen, physical condition, color 
and opacity of albumen, color and shape of yolk, and odor of egg contents. 

The beating power of preserved eggs was measured by beating the 
whole egg white for five minutes in a calibrated measuring cylinder, at 


the motor speed of about 1,200 r.p.m. (Fig. 1). The volume was read 
direetly and relative increase was calculated using the following formula: 


f ys 2 > yr: » 
— + 100, where V; is volume of the foam, and V, is volume of the sample 


it 


of albumen. 
EXPERIMENTAL RESULTS 

Effect of One-Minute Treatment at Various Temperatures: To deter- 
mine the general effect of heat treatment on preservation, eggs were 
immersed in water at temperatures of from 60°C.—just below the coagu- 
lation point [Romanoff (1943a)]—to 100°C. for one-minute periods. Then 
the eggs were stored at room temperature of 21°C. and at the cold-storage 
temperature of 5°C. At the end of one year all eggs, treated and untreated, 
were examined. 

From the summary of data presented (Table 1) it will be seen that 
the quality of treated and stored eggs deteriorates less with the increase 
in treating temperature. After treatment at 100°C. they were well pre- 
served during the 12 months of storage at 5°C€. and were in relatively good 
condition even when stored for the same period at room temperature of 
21°C.; however, the harmful effects of high storage temperature on 
general quality of eggs was evident. 

In refrigerated eggs, treated at 100°C., the appearance of the yolk 
was good, showing only slight change in color and retaining good shape. 
The consistency of the albumen was somewhat thinner and the odor was 
hardly noticeable. All these conditions point out the efficiency of high- 
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Fig. 1. A laboratory method for the quantitative measurement of beating quality of 
eggs: A, the arrangement of an electric motor with a narrow-bladed beater placed into 
a shortened 500-c.c. calibrated measuring cylinder; B, the compression of scattered ma- 
terial with a light plunger, having holes near center of dise to allow the escape of air, 
for the direct reading of the volume of beaten egg. 

The procedure is as follows: an accurately measured sample of material is trans- 
ferred into the cylinder; the beater is lowered in an accentrie position to insure a more 
effective beating; after the material has been beaten the beater is removed while still 
in motion—in this manner only a negligible amount of material is left adhering to the 
blades; then a light circular plunger (diameter close to that of the cylinder) is used to 
compress the foam clinging to the sides of the vessel; and from the level of the plunger 
a direct reading of the volume is made. 

This direct reading of the volume of foam makes for a more rapid and more aceurate 
measure than the transfer and weighing of an aliquot, as in the methods previously 
described by St. John and Flor (1931), Henry and Barbour (1933), and Bailey (1935). 
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temperature treatment on the preservation of eggs. However, one objec- 
tion was observed in some of the opened eggs; that is, the presence of a 
layer of coagulated albumen. 

From further tests it was found that fresh eggs immersed for one 
minute in water at 60°C. and opened immediately showed no film of 
coagulated albumen. At 70°C. there was a slightly visible film of coagu- 
lated albumen, and at 80°C. the film was thicker and more distinct. The 
effect of coagulation was still more evident at 90°C., and at 100°C. a thick 
layer of coagulated outer albumen closely adhered to the shell membrane. 
Treated eggs at all temperatures, held for one week, showed practically 
the same results as the fresh eggs. 


TABLE 1 


Results of One Minute of Heat Treatment at Various Temperatures on Presarvation 
of Eggs Held 12 Months in Storage 








Condition of 12-months-old eggs 





Treated 
one minute 
at 


Stored Yolk 
at Consistency 
Color Shape of albumen 


Odor of 
eggs 








60°C.(140°F.) 
70°C.(158°F.) 
80°C.(176°F.) 
90°C. (194°F.) 
100°C. (212°F.) 


21°C. | 
(70°F.) 


Very deep 
Deep 
Medium deep 
Medium 
Medium light 


Much flattened 
Flattened 

Some flattened 
Slightly flattened 
Fairly good 


Watery 

Watery 

Watery 

Slightly watery 

Very slightly 
watery 


Very strong 
Decided 
Distinct 
Faint 

Very faint 





60°C.(140°F.) 
70°C.(158°F.) 
80°C.(176°F.) 


-o 
5°C. 


Medium 
Medium 
Medium light 


Some flattened 
Slightly flattened 
Fairly good 


Little watery 
Fairly good 
Fairly good 


Faint 
Very faint 
Very faint 


(41°F.) 





90°C. (194°F.) 
100°C. (212°F.) 


Normal 
Normal 


Good 
Good 


Good 
Good 


Medium light 
Light 

















Lowering the Visible Layer of Coagulated Albumen: Since preserving 
power was found to be best at 100°C.(212°F.) it was decided to determine 
how much the time of exposure at this temperature could be shortened 
thus to minimize the appearance of visible layer of coagulated albumen 
in an opened egg. While this thin layer presumably does not reduce 
appreciably the usefulness of the egg as an article of food, nevertheless 
such eggs may be discriminated against by persons not familiar with the 
underlying principles of this method of preservation. 

The results of a search for the longest exposure at which there would 
not be any visible coagulated albumen are summarized (Table 2). The 
observations show that eggs, opened immediately after treatment for two 
seconds, already have slight signs of coagulation; but if the treated eggs 
are opened after seven days of storage, either at room or refrigerator 
temperatures, the flakes of coagulated albumen occur only in eggs exposed 
for periods over five seconds. It was also evident that the film of coagu- 
lated albumen, with cooling and aging, adheres to the shell membrane. 
This adherent film of coagulated albumen can, however, be easily washed 
away with a stream of water from the interior surface of the broken shell. 
Further tests also showed that the adherence of the film of coagulated 
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albumen to the inner shell membrane oceurs within one or two days after 
the treatment. 
TABLE 2 
Influence of Period of Treatment of Fresh Eggs at 100°C.(212°F.) 
on Appearance of Coagulated Albumen 








Amount of visible coagulation * 
Period of 
treatment 
at 100°C, 





Opened Opened 
immediately after one week 





me S 


+ 
++ 
an 
++++ 
++++ 
+4++++ 
ul +4++++ aoe 
15 +4+++4++ aa 
20 +4+++4 +++ 
1_ invisible; + slightly visible; +--+ more visible; +++ cloudy layer; ++-++ white layer; 


++++4+ distinct white layer; W means the coagulated fim of albumen adheres to the shell and 
can be washed away from it in flakes. 


“1 ol ® © DO 


=] 














On the whole, these studies indicate that a five-seeond exposure at 
100°C.(212°F.) is the upper limit in heat treatment of eggs by this 
method, in order to avoid the undesirable appearance of a film of coagu- 
lated albumen. 

Effect of a Five-Second Treatment at 100°C.: Now it is of interest to 
determine the effectiveness of a treatment of eggs for five seconds in boil- 
ing water (at 100°C.) on their preservation. With this idea in mind, 
fresh treated eggs were stored together with control lots in a refrigerator 
at 5°C.(41°F.) and at room temperature of 21°C.(70°F.). At the end 
of 12 months of storage all eggs were examined; the results of such a 
study are summarized briefly (Table 3). 


TABLE 3 


Results of Five Seconds of Heat Treatment at 100°C.(212°F.) on Preservation of 
Eggs During 12 Months of Storage 














Condition of 12-months-old eggs 








of | Albumen Odor 


air cell Color | Shape 








em. 


mee | Diameter Yolk | 
| 
| 


Treated... 
Control.....| 


” 3.93 Medium light | Flat Clear, watery | Decided 
21°C.(70°F.) | 4.13 Very dark Broken Pink, watery Very strong 














‘| 

| | 

Treated.. : 5°C.(41°F.)| 3: Light Stand well | Well preserved} Normal 
Control.. 3.2% Dark Flattened | Clear, watery | Faint 





Treated eggs, stored in refrigerator, upon examination showed well- 
preserved albumen, light and well-shaped yolk, and gave no objectionable 
odor. Untreated eggs, under similar conditions of storage, showed watery 
albumen and distinetly dark color of yolk. In addition, the yolk was 
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frequently stuck to the shell and upon opening the vitelline membrane 
had ruptured. The odor was very pronounced. 

All indications are that five seconds’ treatment is efficient in preserving 
the eggs. It was estimated that the quality of 12-months-old treated eggs 
is equivalent to about that of three-months-old untreated eggs kept under 
similar refrigerating conditions. 

It is of interest to note that even under the more extreme conditions 
of storage, at room temperature of 21°C.(70°F.) over a 12-months period, 
the treated eggs showed less deterioration than untreated eggs. In quality 
the treated eggs were approximately equal to untreated ones held for six 
months. 

Beating Properties of Treated Eggs: Since beating or foaming prop- 
erties is one of the usual criteria of storage eggs, tests were made to 
determine the effect of heat treatment on beating power of egg white. 


TABLE 4 
Beating Properties of Hen’s Egg Albumen’ 








Increase in volume with beating 





Fresh Stored for two weeks at 21°C. 


Treated Treated 

for 5 for 10 fe | Treated 
Untreated? | seconds at minutes at Untreated? “ for 10 
00°C, 60°C. seconds at minutes 





| 
(212°F.) | (140°F.) 100°C. | at 60°C. 





pet. pet. pet. pet. pet. pet. 
340 360 200 400 460 | 400 
312 420 420 380 
383 480 500 240 
350 400 460 320 
390 380 400 320 





340 














A VETAZEB.......0ccc000e 355 424 448 





125 c.c. of albumen (composite samples of two to nine eggs) beaten at 1,200 r.p.m. for five 
minutes. ® Composite samples of all layers of albumen. 


Preliminary tests have shown that there is a slight variation in beating 
properties of different layers of albumen. Indications are that the highest 
value in percentage of increase in volume with beating is in the outermost 
thin layer (372 per cent), then in the middle thick (359 per cent) and 
middle thin (320 per cent) layers, and finally the lowest value is found in 
the innermost chalaziferous layer. The layers have been separated by the 
pipette method [Romanoff (1943b) }. 

Samples in which the albumen has been separated by the screen method 
into two fractions—thick and thin (a combination of outer thin and middle 
thin layers)—showed a tendency towards higher beating properties of 
the thin fraction [St. John and Flor (1931) and Bailey (1935) }. 

Since the differences in foaming power of the first three layers of the 
egg white are not great, the present study was made on composite samples 
of the entire albumen, excluding, however, the inner chalaziferous layer 
and the chalazas. 

The beating properties of the albumen of fresh and stored eggs under 
flash (five seconds at 100°C.) and holding (10 minutes at 60°C.) methods 
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are shown (Table 4). From the eggs opened immediately after treatment 
it was clear that the flash method of treatment causes very little change 
in beating power. Readings in eggs held for two weeks at room tempera- 
ture of 21°C.(70°F.) show a proportional increase in volume on beating 
similar to that of untreated eggs. The lower values in beating properties 
of albumen from eggs treated by the holding method may be attributed 
to a partial coagulation of the albumen during processing. 

Effect of Heat Treatment Upon Life of Fertile Eggs: In view of the 
interesting results from the five-second treatment at 100°C. it seemed 
worth while to investigate the degree of natural denaturation, if any, 
resulting from such treatment. The biological test, that is, the develop- 
ment of the embryo, would be the most reliable measure from the nutri- 
tional point of view. Therefore, fertile eggs, after treatment at 100°C. 
for various lengths of time, were incubated and the progress of embryonic 
development recorded. 

It was found that eggs treated for not over five seconds at 100°C. were 
able to develop and reach the stage of hatching, although the hatchability 
was gradually lost with the increase in the length of treatment, as shown 
below. 








Length of 
exposure 
(sec. ) 

0 3.5 9, 87.5 
3 6.2 
22.3 
84.4 
100.0 
100.0 
100.0 


Early death Late death Hatching 
(pet.) (pet.) (pet.) 








All treatments for over five seconds resulted in embryonic mortality. 
The exposures for nine seconds and longer have checked the development 
in early stages, within the first two days. Since some development has been 
noticed even with the longest exposure of 25 seconds, it is possible to 
assume that the actual treatment was not fatal to all embryos, and that 
the development was stopped not necessarily by the denaturation of albu- 
men and by changes in natural biological qualities of yolk, but by the 
restriction in gaseous exchange of the embryo over two days of age by 
the film of coagulated albumen. This fact is illustrated by a slight decrease 
in loss of weight of treated eggs, shown by the diameter of air cell (Table 3). 

In actual practice, however, the storage temperature seldom exceeds 
26.7°C.(80°F.). At this temperature the development of the blastoderm 
in treated eggs would be hardly noticeable. 


DISCUSSION 
It is obvious that these studies suggest a new practical method of 
preservation of shell eggs by heat treatment. In this method only a very 
thin section, next to the shell membrane, of the outer layer of albumen 
is coagulated, forming a protective coating without the heat denaturation 
of the entire egg contents (Table 3). There is but little damage in natural 
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consistency since many treated fertile eggs are able to hatch. This implies 
that the nutritive value, flavor, and cooking characteristics of the egg 
possibly remain least altered. 

In the practice of preservation the use of high temperature-short period 
(or flash method) treatment (five seconds at 100°C.) considerably reduces 
many variables involved in the low temperature-long period (or holding 
method) treatment (about 10 minutes at 60°C.), and thus this treatment 
should give more uniform results. The elevation from storage or even from 
room temperature to the temperature of boiling-water bath is so great 
that the ordinary variation in the initial temperature of the egg would be 
of little importance. Also, since the treatment affects only the outer layers 
of the egg, neither the size of the egg nor thickness [Romanoff (1929)] and 
permeability [Romanoff (1943a)] of the shell would greatly influence the 
results. 

The important factor to consider here is the age of the egg. It is well 
known that the pH of egg albumen increases with age [Sharp and Powell 
(1931) and Romanoff (1940)], and according to Sorensen and Sorensen 
(1925) the higher the pH the less heat required for coagulation. From 
this it is evident that older eggs would require a shorter period of exposure. 
However, the effect of the age of the egg again will not be so great in this 
method as in the case of the low-temperature treatment, as has been demon- 
strated by Barott and MeNally (1943). 

It is interesting to note that in this method the use of water at boiling 
temperature requires neither a thermostatic control nor stirring device. 
This simplifies the procedure and makes the method adaptable both for 
home and commercial preservation. Especially, in home preservation it 
is important that no elaborate equipment either for heat treatment or 
cooling be required ; this method is easy, clean, and appeals to the aesthetic 
sense of every housewife. From the commercial standpoint, owing to very 
short period of exposure, this method should prove very efficient in opera- 
tion. Exeeption would be in those locations which are elevated much above 
sea level, where boiling point of water would be below 100°C. Under such 
conditions it would be necessary to lengthen the period of exposure. 

Furthermore, it seems that the eggs treated by this method could be 
kept for a reasonable length of time at ordinary room temperature. At 
lower storage temperatures—down to 0°C.(32°F.)—these treated eggs 
show superior keeping qualities over a long period of time. 

The preservation of fertile eggs, intended to be kept at temperatures 
higher than physiological zero, that is, over 20°C.(68°F.) [Edwards (1901- 
02)] would require more drastic treatment, that is, longer exposures. It is 
evident that effective results with these eggs can be achieved only at the 
expense of the appearance of a thicker layer of coagulated albumen. 

On the whole,-the results of this method of preservation are so inter- 
esting and apparently significant that a more thorough study of the 
chemistry of the underlying principles would be desirable. 


SUMMARY 

It was found that flash heat treatment of eggs at temperatures above 

the coagulation point of albumen proved to be an efficient method for 
preservation of table eggs. 
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A five-second exposure of fresh eggs to boiling water forms a thin 
protective film of coagulated albumen, adherent to the shell membrane. 

The treatment did not show any noticeable denaturation in egg con- 
tents since beating power of albumen and natural biological qualities of 
yolk remained unchanged. 

The quality of treated eggs held in refrigerator (40°F.) and at room 
temperature (70°F.) was superior to untreated eggs held under similar 
conditions. 
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The food industry has two types of safe and dependable methods of the 
sterilization of equipment—steam heat and some form of chlorine com- 
pound. Each has its advantages and disadvantages. Steam is usually not 
injurious to metal or wood equipment and when properly used is effective. 
When applied as a booster with hot water or detergent a good cleansing 
action is obtained, although the temperature on the equipment may not 
rise above 93.3°C.(200°F.), if it gets that high. Of course, when equip- 
ment can be readily dismantled and placed in a retort or autoclave and 
pressures of 10 or 15 pounds of steam applied, complete sterility can be 
obtained, but this is applicable to only a limited portion of the equipment 
used in a food plant. In closed pipe lines steam can be introduced and 
sufficient pressure obtained to produce sterility, but care must be used to 
avoid air pockets in sidelines, ete., where without steam little sterilizing 
action is obtained. Also with steam there is no problem of the introduction 
of foreign flavors. 

Various chlorine compounds have been widely used in the food indus- 
try, and when all food particles have been removed previously, it is highly 
effective. The removal of practically all of the organic matter is important, 
and usually, because some particles of food remain, an extra amount of 
compound is added to compensate for that absorbed by the organic matter. 
Under operating conditions in a food plant, particularly during peak 
loads, the ‘‘elean up’’ is apt to be slighted, so that the work left to the 
disinfectant is much greater than was intended. Also, chlorine disinfect- 
ants cannot be used indiscriminately upon all types of equipment; advice 
as to the proper applications for each compound should be obtained from 
its manufacturer. 

No good method for the disinfection of wooden sorting and trimming 
tables, chopping blocks, ete., has been found. Both steam and chlorine 
compounds have been and are used, but the cleansing action is only super- 
ficial. The wood remains moist for many hours after packing and cleaning 
operations are finished, and plant or animal juices will have penetrated 
deeper than the disinfectant. 

It has recently been suggested that some of the newer germicides, 
whose effectiveness is not destroyed by organic matter, might be useful 


"Scientific paper A 18. Contribution No. 1824 of the Maryland Agricultural Experi- 
ment Station (Department of Bacteriology). 
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in the food industry. In a previous study’ the authors compared the 
germicidal efficiencies of sodium orthophenylphenate and sodium chloro- 
orthophenylphenate * to calcium hypochlorite and sodium p-toluenesul- 
phonchloramide in the presence of oyster liquor in an attempt to show 
their useful application as disinfectants in the oyster indusry. To consider 
the usefulness of some of these disinfectants in the food and canning indus- 
try, organie matter of vegetable origin was considered in this study. 


EXPERIMENTAL PROCEDURE 

The disinfectants selected were sodium chloroorthophenylphenate and 
calcium hypochlorite. These two disinfectants were chosen because each 
proved to be the superior germicide in its respective group. 

The tests were carried out at the same disinfectant concentrations and 
temperature as the first study, but with tomato juice as organic matter and 
at whatever pH values were produced by the added juice. The concentra- 
tions of disinfectant, 0.2, 0.1, 0.05, 0.025, 0.0125, 0.0063, 0.004, and 0.002 
per cent, were prepared from freshly made stock solutions of the respective 
disinfectant. 

The juice was extracted by filtering unsalted canned tomatoes through 
clean cheesecloth of double thickness and the solids were determined by 
heating duplicate weighed 10-c¢.c. portions of the sample in a vacuum oven 
at a temperature of 70°C.(158°F.) for 12 hours. 

It was necessary to add a suspension of organisms to these tests since 
the organic matter employed does not normally contain a significantly 
high natural flora. Aerobacter aerogenes was selected as the test organism. 
It was grown in broth for 18 hours; then the culture was centrifugalized 
and the organisms resuspended in sterile distilled water. To prevent any 
significant fluctuation in numbers during the experiment the suspension 
was held in an ice bath. ° 

All experiments were carried out in a water bath maintained at an 
average temperature of 20°C.(68°F.). Each test in this series contained 
50 ¢.c. of tomato juice, a definite quantity of the desired disinfectant stock 
solution, and enough distilled water so that when one c¢.c. of the suspended 
organisms was added the volume in the flask was 100 ¢.c. Mechanical 
stirring was employed for about 10 seconds after the bacterial suspension 
was added and again just prior to withdrawing each sample. After each 
sample was withdrawn, dilutions were prepared, plated with Standard 
Methods nutrient agar, and incubated at 37°C.(98.6°F.) for 48 hours; pli 
tests were determined at the end of the 12-minute period, using a Beckman 
glass electrode, and recorded as the pI of the experiment. 


DISCUSSION 
The results show that sodium chloroorthophenylphenate was definitely 
superior to calcium hypochlorite (Table 1), even though with the former 
both the bacterial and the organic loads were greater than with the hypo- 


* Nolte, W. A., and James, L. H., 1941. A study of the germicidal power of some 
orthophenylphenol compounds compared with standard chlorine disinfectants in the pres 
ence of oyster liquor. Food Research 6, 537-546. 

* We are indebted to the Dow Chemical Company for these chemicals. 
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chlorite. A concentration of this orthophenylphenate as low as 0.0125 per 
cent was found to be 2.5 times more effective in a 12-minute exposure than 
in a three-minute exposure, whereas higher concentrations of from 0.2 to 
0.025 per cent were equally effective in both three- and 12-minute exposures. 
This is predicated on the achievement of a 99-per cent reduction in numbers 
of bacteria. 


TABLE 1 


Comparison of Germicidal Power of Sodium Chloroorthophenylphenate and Calcium 
Hypochlorite at Various Concentrations Held at 20°C.(68°F.) + 2°C. 








Sodium chloroorthophenylphenate— 
2,050,000 bacteria per c.c.? 
2.77% total solids? 


Calcium hypochlorite— 
840,000 bacteria per c.c.* 


Concentra- 2.42% total solids? 


Bacterial 


tion of 
disinfect- 
ant 





Final pH 
of con- 
centration 


Bacterial 
reduction 
after 3 
min. 


Bacterial 

reduction 

after 12 
min. 


Available 
Cl 


calculated? 


Final pH 
of con- 
centration 


Bacterial 
reduction 
after 
3 min. 


reduction 
after 
12 min. . 





pet. 
2 


05 
.025 
.0125 
.0063 
.004 
.002 





4.58 
4.56 
4.45 
4.45 
4.40 
4.40 
4.38 
4.35 


pet. 
99 
99 
99 
99 
38 
None 
None 








pet. 
99 
99 
99 
99 
96 


‘ 
None 
None 





p.p.m. 
253.8 
126.9 
63.8 
31.9 
16.3 
8.5 
5.0 


2.5 


6.07 
5.00 
4.73 
4.60 
4.50 
4.40 
4.34 





4.30 





pet. 
None 
None 
None 
None 
5 
24 
5 


0 





pet. 
None 
None 
None 
None 
18 
17 
None 
None 





1 Bacterial count of diluted tomato juice-disinfectant mixture. 


dilution of tomato juice. * Concentration of available 


disinfectant as calculated in earlier experiments (1). 


calcium for 


2Per cent total solids in 1:2 
respective concentrations of 


Under the same test conditions, calcium hypochlorite was ineffective in 


bringing about any significant reduction even in the highest concentration 
employed (253.8 p.p.m. of available chlorine). Therefore a control experi- 
ment was carried out to note the germicidal activity of this disinfectant on 
a suspension of the test organism in the absence of tomato juice. The 
results (Table 2) give evidence that the chlorine compound was germicidal 
under these conditions. In concentrations as low as 0.004 per cent (five 
p.p.m. of available chlorine) it was effective in bringing about a 68-per 


TABLE 2 


Germicidal Power of Calcium Hypochlorite’ at Various Concentrations Held at 
20°C.(68°F.) in the Absence of Organic Matter 








Concentration 


o 
disinfectant 


Available 


calculated? 


Final pH 
of concen- 
trations 


Bacterial 
reduction 
in 12 min. 





pet. 
9° 


a 

05 
.025 
.0125 
.0063 
-004 
.002 





p.p.m. 
253.8 
126.9 
63.8 
31.9 
16.3 
8.5 
5.0 


95 


o.0 





10.96 
10.68 
10.33 
9.95 
9.51 
8.50 
7.23 
6.95 





pet. 
99 
99 
99 
99 
98 
91 
68 


° 


~ 





1 Bacterial count of suspension-disinfectant mixture, 840,000 bacteria per c.c. * Concentration 
of available calcium for respective concentrations of disinfectant as calculated in earlier experi- 
ments (1). 
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cent reduction in bacterial numbers. The failure of calcium hypochlorite 
to show any germicidal effect in the presence of tomato juice probably was 
due to the failure of the chlorine concentrations used to more than satisfy 
the chlorine demand of the tomato-juice organic matter. 

An ability to kill bacteria is important but not the sole requisite of a 
satisfactory disinfectant for use in a food plant. Our studies have included 
only two sources of organic matter: oyster liquor, which consists largely of 
protein, and tomato juice, which contains comparatively little protein but 
is high in carbohydrate content. Sodium chloroorthophenylphenate was 
highly effective under both conditions. It is interesting to note that the 
pH differed widely in the two investigations. Using oyster liquor the pH 
was adjusted to 6, 7, 8, and effective germicidal action was obtained in 
each. In the tests reported above equally effective germicidal action was 
obtained with the same compound at pH values that ranged near 4.4. 
Therefore, from these results, we may expect that effectiveness of this 
compound would not be destroyed by acidity or alkalinity when used 
under conditions that fall between pH 4.4 and 8. The instability of hypo- 
chlorite in the acid range is well known. 

It is also interesting to note that considerable variation in total-solids 
content (mostly organic in nature) did not alter the germicidal effective- 
ness significantly. In the first study using oyster liquor from 0.30 to 0.40 
per cent total solids was present, whereas in the study reported above 
approximately 2.5 per cent total solids was present. This suggests the 


possibility that the former disinfectant, sodium chloroorthophenylphenate, 
may be effective even under conditions in which inadequate removal of 
organic debris from foods has been practiced. This should have further 
study. 


SUMMARY 

In the presence of tomato juice diluted with an equal quantity of 
water, sodium chloroorthophenylphenate was superior to calcium hypochlo- 
rite. Caleium hypochlorite showed no significant germicidal activity under 
this condition. However, in the absence of the acid tomato juice this 
chlorine compound demonstrated a marked germicidal effect in coneentra- 
tions of 0.2, 0.1, 0.05, 0.025, 0.0125, 0.0063, and 0.004 per cent, respectively. 
The pH was mostly alkaline. 

Sodium chloroorthophenylphenate exerted a rapid germicidal effect 
since high concentrations were just as effective in a three-minute exposure 
period as in a 12-minute exposure period. 
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NUTRITIONAL QUALITY 
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It has been common knowledge for some time that the vitamin content 
of vegetables varies with variety as well as with other factors, such as 
maturity ; however, the magnitude of this variation may not be appreciated 
in many instances. 

The present study has been made to determine variations that might exist 
in the vitamin content of a number of breeding stocks and trial varieties 
of peas and corn suitable for canning. These data would be evaluated 
along with other desirable characteristics in selecting strains suitable for 
canning or breeding such strains. The purpose of this paper is to point 
out the importance of breeding for nutritional quality as well as for other 
more obvious factors. 

EXPERIMENTAL PROCEDURE 

The breeding lines represented here were raised under identical culti- 
vation conditions on a light sandy loam with adequate fertilization. Three 
harvests were made from each lot, and the sample for analysis was taken 
from the harvest closest to canning maturity. 

Since many of the samples were small, it was necessary to conserve 
material. All samples were first ground for five minutes in a Waring 
blender with an equal weight of an oxygen-free, three-per cent oxalic acid 
solution in an inert atmosphere. From this starting material samples were 
weighed directly into the extracting vessels for carotene, thiamin, and 
ascorbie acid determination. Another part of the sample was autoclaved 
for 10 minutes at 15 pounds pressure with an equal weight of buffer of 
pH 4.5 and then ground for determination of riboflavin and nicotinic acid. 

Carotene was determined by saponification of the sample with 10 per 
cent potassium hydroxide in anhydrous methanol, followed by extraction 
with Skellysolve B. The carotene solution was purified by the method of 
Moore (1940) and the carotene determined on a Coleman spectrophotom- 
eter against a standard curve. In the ease of corn samples the purification 
was by the methanol washing method. 

Thiamin was determined by the chemical method of Conner and Straub 
(1941). Aseorbie acid was determined by the direct indophenol titration, 
using a three-per cent solution of metaphosphorie acid extraction. 

Riboflavin and nicotinic acid were determined microbiologically by a 
modification of the method of Snell and Strong. Determinations on all 
samples were started within two hours of the time samples were collected 
in the field. This insured a minimum loss of vitamin. 
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RESULTS 

Carotene in peas varies over 300 per cent from the lowest to the highest 
(Table 1). Part of this variation may be due to the difference of maturity, 
but this factor cannot account for more than a small portion of the dif- 
ference, since all samples were taken at approximately canning maturity. 
In Table 2 the differences are even greater; Lot I (Table 1) represents 
three maturities, I (a) being very young, I (b) young, and I (c) nearly 
mature. It is evident here that very young peas are relatively low in 
carotene content. (The results in all tables are stated in micrograms per 
gram of fresh weight.) 


TABLE 1 
Vitamin Content of Peas 








Culture No. Carotene Vitamin C Thiamin Niacin Riboflavin 





v/gm. y/gm. v/gm. y/gm. y/gm. 
166 2.74 30.5 1.86 
121 3.45 34.0 90 
212 2.26 32.5 
286 2.44 27. 
337 3.10 29. 
268 2.61 29.° 
322 32.4 
264 23 
286 8% 34 
303 35. 
262 a 30. 
261 46 32.5 
261 
247 
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261 
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1a = very young; b = young; c = nearly mature. 


The results on ascorbie acid are self-explanatory, as are those on thia- 
min. The values are quite variable for these, giving further emphasis to 
the differences in nutritional value between varieties. The ascorbie acid 
content does not vary as much as had been supposed with maturity. 

The values for nicotinie acid and riboflavin vary somewhat between 
varieties but not to as great an extent as the other vitamins. In the case 
of nicotinic acid the highest value is 60 per cent greater than the lowest, 
and in the ease of riboflavin the highest is 50 per cent greater. 

The results (Table 2) are similar to those given in Table 1, except that 
there are only two vitamins listed. The results are even more variable, 
probably because of the greater number of varieties. 

The vitamin contents of inbred lines of golden sweet corn together with 
hybrids are shown (Tables 3 and 4); no white sweet corn strains are in- 
eluded. The hybrids consist almost entirely of crosses of inbreds listed 
in Table 3. 





BREEDING PEAS AND CORN FOR NUTRITIONAL QUALITY 373 


A fairly definite increase in carotene is shown with increasing maturity 
(lower moisture). Ascorbic acid seems to decrease with increasing matur- 
ity. The maturities given represent young and fairly mature corn from 
the point of view of canning quality. Considerable differences in vitamin 
are found between different hybrids of the same degree of maturity. Dif- 
ferences are not as marked in the case of ascorbie acid as they are in the 
ease of carotene. It might be noted here that there is no correlation be- 
tween depth of color and the carotene content, either in the raw or canned 


corn. 

The differences in vitamin content found are of a considerable mag- 
nitude and show quite definitely that vitamin content should not be 
overlooked in breeding better hybrid varieties. 


TABLE 2 


Vitamin Content of Peas 








Culture No. Carotene Vitamin © Culture No. Carotene Vitamin C, 








v/gm. y/gm. y/gm. v/gm. 
5.10 284 2 5.04 322 
4.89 262 4.63 316 
4.68 291 5.00 
4.82 
3.71 
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TABLE 3 
Vitamin Content of Corn Inbreds 








Inbred Moisture Carotene | Vitamin C 





y/gm. } y/am. 
73.0 2.05 
66.0 2.49 
69.0 2.47 
63.5 2.85 
68.0 0.98 
65.0 1.20 
73.0 1.86 
68.0 2.63 
69.0 Re 
64.0 3. 
72.0 2.17 
69.0 2.80 
ye 
4.43 
4.14 


2 
oO 
3° 


66.0 
73.0 
65.0 
70.5 
66.0 
71.0 
67.0 
70.0 
67.5 
74.0 
71.0 
71.0 
65.0 
74.0 
69.0 
73.0 
66.0 
71.0 
66.0 
76.0 
69.5 
74.0 
64.0 
70.0 
66.5 
76.0 
67.0 
72.0 
67.0 
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Differences such as are found in the above tables make a considerable 
difference in the nutritional value of these vegetables. Perhaps too much 
emphasis in breeding programs in the past has been placed on such factors 
as yield, flavor, tenderness, and the like, and too little on nutritional 
quality. More emphasis will have to be placed on this in the future. 

This present article emphasizes the differences found in various lines 
of peas and corn. These lines were chosen for vitamin study because all 


TABLE 4 


Vitamin Content of Corn Hybrids 








Hybrid Moisture Carotene Vitamin C 





/gm. y/gm. 
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show some degree of merit for commercial canning. Most of these will be 
eliminated. Vitamin content will be considered among the qualities which 
make a particular line desirable. 
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(Received for publication, December 30, 1943) 


A major problem occurs in bacteriologice investigations of suspected 
staphylococeal food poisoning when the organisms are no longer viable 
at the time the food is examined in the laboratory (e.g., when there has 
been excessive delay in delivering the food to the laboratory). Another 
bacteriologic disadvantage is that most methods of examination require 
several days, particularly when animal inoculation experiments are made, 
and ean be applied to only a small number of samples. Hence, a method 
which takes only an hour or so and does not require that the staphylococci 
be viable should be of distinct advantage in epidemiologic investigations. 
Moreover, if the test is sufficiently simple, a large number of samples can 
be examined with little effort. 

Search of the literature shows (1) that when the coagulating power of 
food-poisoning staphylococci was reported, the reaction was positive in 
all but one instanece—in fact, Dienst (1942) suggested that the method 
may prove valuable as an exclusion test;"and (2) that, with rare excep- 
tions, the organisms were present in the foods in large numbers, in rela- 
tively pure culture. 

Although other pathogenic staphylococci also clot plasma, the presence 
of plasma-clotting staphylococci in a suspected food would certainly point 
suspicion to that food and would warrant further study of it. Since the 
test could be made in as short as an hour by the method to be described, 
this preliminary investigation would not seriously retard other bacterio- 
logic investigations and might assist in the selection of foods for such 
studies. 

Since the coagulating principle is present in cultures of staphylococci, 
it should be present in foods that have supported considerable growth of 
staphylococci, even though the organisms are no longer viable. Investiga- 
tion of a small number of suspected foods in this laboratory confirms this. 
Therefore, the suggestion is offered that the coagulation reaction be applied 
direetly to foods to be tested by emulsifying a loopful or more in 0.5 ml. 
of Bacto tryptose phosphate broth (which enhances the clotting power), 
adding 0.5 ml. of citrated or oxalated rabbit plasma or human citrated or 
oxalated whole blood, and incubating up to seven hours, examining hourly. 
This prolonged incubation is desirable to permit growth of pathogenic 
staphylococci in case the amount of coagulating principle should have been 
inadequate in the original food. 


REFERENCE 
Dienst, R. B., 1942. A study of recently isolated strains of staphylococci and their 
ability to coagulate human plasma. J. Lab. Clin. Med. 27, 663-665. 
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Many investigators have demonstrated that the ascorbie acid content 
of fresh vegetables decreases rapidly after harvest. It has been estimated 
that some vegetables shipped without icing or refrigeration lose as much 
as one-half of their original content of ascorbic acid before they reach 
the ultimate consumer. The rate at which this loss occurs varies with 
different vegetables; it is relatively slow in peppers, tomatoes, cabbage, 
and root crops but rapid in leafy vegetables. 

The loss of ascorbic acid from plant tissue after harvest is essentially 
an oxidation process. It is logical to assume, therefore, that any treatment 
which reduces the rate of oxidation processes in plant material also inhibits 
the destruction of ascorbic acid. Having demonstrated that the presence of 
carbon dioxide in the storage atmosphere markedly depresses the respira- 
tion rate of asparagus, Thornton (1937) investigated the rate of ascorbic 
acid losses in asparagus held in an atmosphere in which varying propor- 
tions of nitrogen had been replaced by carbon dioxide. Contrary to expec- 
tations, Thornton observed that the presence of carbon dioxide in the 
storage atmosphere actually hastens the destruction of ascorbie acid. In 
offering an explanation for this effect. he points out that the pH of aspara- 
gus tissue increases with rising concentrations of carbon dioxide in the 
air. As is generally known, a high degree of acidity, that is, a low pH, 
has a stabilizing effect on ascorbie acid. 

With the development of methods of modified atmosphere storage for 
fruits and vegetables it has been recognized that a lowering of the oxygen 
content of the air is equally, if not more, effective in inhibiting respiration 
and other oxidation processes than the presence of carbon dioxide. Platen- 
ius (1943) showed, for instance, that the respiration of some vegetables can 
be reduced to one-half of the normal rate by lowering the oxygen content 
of the air to a level of two to five per cent. 

The aim of this study was to find out whether a low oxygen content of 
the storage atmosphere has the same inhibiting effect on the destruction 
of ascorbie acid as it has on respiration and other metabolic processes. 
In some experiments, part of the oxygen was replaced by carbon dioxide 
in order to determine the effect that the presence of carbon dioxide in com- 
bination with a low level of oxygen has on the loss of ascorbie acid of 
various plant tissues during the storage. 

An experiment by Tressler and Moyer (1941) suggests that a beneficial 
effect of modified atmosphere storage on the ascorbic acid content of plant 


* Paper No. 261, Department of Vegetable Crops, Cornell University, Ithaca, N. Y. 
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tissue can be expected. Bartlett pears were stored in five-gallon tin cans 
provided with an air vent %,4 inch in diameter. These fruits retained as 
much ascorbie acid in seven months as did a corresponding lot kept in the 
open for three months. The average carbon dioxide content within the 
ans was three to four per cent, the oxygen concentration 18 to 19 per cent. 


MATERIALS AND METHODS 

The vegetables used in this study were asparagus (Asparagus officinalis 
L.), sprouting broccoli (Brassica oleracea, var. italica), snap beans (Phase- 
olus vulgaris), kale (Brassica oleracea, var. acephala), Brussels sprouts 
(Brassica oleracea, var. gemmifera), peas (Pisum sativum L:), and spinach 
(Spinacia oleracea L.). All vegetables were grown in the gardens of the 
Department of Vegetable Crops at Cornell University, and the experi- 
ments were started within two hours after harvest. 

Depending on the size of individual specimens each lot was divided 
into samples of from 100 to 500 grams. Great care was taken to have 
each sample contain an equal number of specimens which were as uniform 
in size and maturity as could be selected. No sample contained less than 
25 specimens. 

All. experiments were carried out in constant temperature rooms where 
fluctuations in temperature did not exceed two degrees Centigrade. Except 
for brief periods when samples were taken for gas analysis, the vegetables 
were kept in the dark. Wide-mouth glass jars with tightly fitting lids 
were used as storage chambers. 

In those experiments in which the storage atmosphere consisted only 
of nitrogen and oxygen, the carbon dioxide produced during respiration 
was absorbed by a 2 N solution of sodium hydroxide in the bottom of the 
jar. A constant concentration of oxygen was maintained by connecting 
the jar with a glass cylinder containing oxygen under atmospheric pres- 
sure. This cylinder in turn was connected to a Mariotte bottle which 
replaced the oxygen in the cylinder with water at the same rate as oxygen 
was utilized by the respiring tissue. A detailed description of the appa- 
ratus has been given by Platenius (1942) in an earlier paper. At the 
beginning of each experiment the jar was flushed with nitrogen from a 
storage cylinder long enough to reduce the oxygen content to the level 
desired. The exact composition was then determined by means of a Hays 
gas analyzer. Each day the gas composition was checked and it was found 
that the oxygen concentration of the atmosphere could be kept well within 
a range of 0.3 per cent for the duration of each experiment. 

A slightly different procedure was used in those experiments in which 
the storage atmosphere consisted of a mixture of nitrogen, oxygen, and 
carbon dioxide. First, the jars were flushed with nitrogen and subse- 
quently with earbon dioxide until the composition of the gases was approxi- 
mately as desired. The exact composition of the storage atmosphere was 
ascertained by gas analysis. Stopeocks attached to the lid of the jar were 
then closed. Twice each day the composition of the atmosphere was read- 
justed by flushing with nitrogen and oxygen. Because of the large volume 
of gas in comparison with the plant material in the chamber, changes in 
the composition of the atmosphere were small and could be maintained 
well within one-half of one per cent throughout the experiment. 
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At the beginning and end of each experiment total ascorbie acid was 
determined in aliquot samples. The method of analysis was essentially the 
same as that devised by Bessey and King (1933). Triplicate samples were 
extracted with a mixture of 1 N sulfuric acid and two per cent metaphos- 
phorie acid. A Waring blender served to macerate the tissue. Titrations 
were made against dichlorophenolindophenol which was standardized 
against pure ascorbic acid. By weighing each lot at the beginning and 
end of the experiments, it was possible to express the results on the basis 
of the original fresh weight. 


. RESULTS AND DISCUSSION 


Asparagus: The data from six storage experiments with asparagus 
(Table 1) show a definite, inverse relationship between the percentage of 
oxygen in the atmosphere and the ascorbie acid content of the stored 
samples. In the first experiment carried out in 1941 the control lot re- 


TABLE 1 


Effect of Modified Atmosphere Storage on Ascorbic Acid Content 
of Asparagus 








Ascorbic acid 





Time of Storage Modification of storage Mg. per ; 
experiment temp. atmosphere gm. of orig. Orig. 
fresh wi. retained 





"0. pet. 
June 1941 d 404 100.0 
Normal air P 105 26.0 
10.2% O: : 145 35.9 
2.0% O: 5 Siz 67.3 


eT a 


501 100.0 
Normal air . 118 23.6 
10.2% O: : 155 30.9 
10.0% O-10.1% CO: J 114 22.8 
4.5% O2 i 221 44,1 
4.5%O--17.3% CO- P 137 27.3 


May 1942 


bo fo bo bo 


bo 


June 1942 443 100.0 
Normal air ; .096 3 ef 
2.4% O: : 285 64.3 
2.2% O-— 5.4% COz j .280 63.5 
2.2% O--18.6% CO: ‘ .247 55.8 


woo 


G8 Ww ce 


A77 100. 
Normal air 105 106 22.2 
.253 53.0 


June 1941 


° a? a) 


May 1942 A! 454 100.0 
Normal air i 121 26. 
2.1% O: Ali .180 
2.0% O--— 5.4% CO: . 203 


June 1942 J 414 
Normal air ; .093 
1.6% O: i 146 
1.7% O--17.9% COz ; 159 
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tained only 26 per cent of its original ascorbic acid content while the 
sample held in an atmosphere containing two per cent oxygen retained 
67.3 per cent, that is 2.6 times as much ascorbic acid as the lot in normal 
air. Essentially the same results were obtained when the experiments 
were repeated in 1942. 

The storage temperature had little influence on the effect of oxygen 
concentration. Experiments carried out at a temperature of 10°C.(50°F.) 
led to the same general conclusions as those obtained at room temperature. 
It was evident, however, that at a given oxygen concentration the power 
to inhibit the destruction of ascorbic acid was smaller at the lower than 
at the higher temperature. 


TABLE 2 


Effect of Modified Atmosphere Storage on Ascorbic Acid Content 
of Peas 








Ascorbic acid 





Time of Storage Days | Modification of storage Mg. per 
experiment | temp. stored atmosphere Mg. per |gm. of orig.| Orig. 
| gm. fresh wt. retained 





°C. pet. 

July 1942 24 i } 291 2 100.0 
. | Normal air 202 lf 65.6 

2.5% Oz .280 268 92.0 
2.390 O:-19.5% COz 257 248 85.6 





July 1942 346 .346 100.0 

Normal air .269 262 =| 75.7 
2.2% Oz .291 2! 81.8 
2.3% O2-18.7% CO: | .248 : 69.7 














Adding carbon dioxide to the storage atmosphere produced different 
results at low and high temperatures. At room temperature the presence 
of carbon dioxide caused more ascorbic acid destruction than was observed 
in comparable samples kept at about the same oxygen concentration in 
the absence of carbon dioxide. These results are in agreement with the 
findings of Thornton (1937). It must be remembered, however, that 
Thornton’s experiments differed from the present ones in that the oxygen 
coneentration of the atmosphere was maintained at a normal level. 

The effect of carbon dioxide in the air was strikingly different when 
asparagus was stored at a temperature of 10°C. In both experiments more 
ascorbie acid was retained in the presence than in the absence of carbon 
dioxide. Apparently a change in temperature completely reverses the 
effect of carbon dioxide on the ascorbie acid content of the samples. As 
will be shown later, this apparent inconsistency was observed in other 
vegetables. 

Peas: The results of two experiments with peas are presented (Table 
2); a comparison of these data with those of asparagus shows that the 
initial aseorbie acid content of peas is much smaller than that of asparagus. 
On the other hand, the vitamin is more stable in peas than in asparagus. 
A low oxygen concentration of the atmosphere reduced the loss of ascorbic 
acid and the presence of carbon dioxide in concentrations of about 19 per 
cent accelerated losses at both temperatures, 24 and 10°C.(75.2 and 50°F.). 
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Snap Beans: A single storage experiment with snap beans, in which 
the oxygen level was the only variable, gave essentially the same results 
as the studies with asparagus and peas. At an oxygen concentration of 
1.2 per cent the rate of ascorbic acid losses was only one-half as great as 
in air of normal composition (Table 3). 


TABLE 3 


Effect of Modified Atmosphere Storage on Ascorbic Acid Content 
of Snap Beans 








| Ascorbic acid 





Time of Storage Days Modification of storage | Mg. per 
experiment temp. stored atmosphere Mg. per gm. of orig. Orig 
gm. fresh wt. retained 





°C. pet. 
August 1941 20 .200 200 | 100.0 
Normal air | 047 046 | 23.0 
4.8% O2 | 052 051 25.5 
1.2% Oz | 094 093 46.5 




















Spinach: The response of spinach to modified atmosphere was similar 
to that of asparagus (Table 4). Regardless of the storage temperature, 
samples held in an atmosphere of low oxygen content retained more than 
three times as much ascorbic acid as the control lots in normal air. The 
presence of 18 per cent carbon dioxide in the air accelerated the destruc- 
tion of ascorbic acid at 20°C.(68°F.) while at 10°C. the addition of 5.3 
per cent carbon dioxide slightly retarded its loss. 


TABLE 4 


Effect of Modified Atmosphere Storage on Ascorbic Acid Content 
of Spinach 








Ascorbic acid 





Time of Storage Modification of storage Mg. per 
experiment temp. atmosphere | Mg. per 
gm. 


Orig 


gem. of orig. : 
retained 


f-esh wt. 





*¢, pet. 
June 1942 24 .729 .729 100.0 
Normal air .130 .124 17.0 
1.2% Oz 420 393 53.9 
1.2% O--17.9% CO: .290 267 36.6 


June 1942 593 293 100.0 
Normal air .059 053 8.9 
1.5% Oz 211 .190 32.0 
1.5% O- 5.3% CO: .219 .214 36.1 























Kale: Kale had the highest initial ascorbic acid content of any of the 
vegetables included in these experiments (Table 5). At a temperature of 
20°C. and an oxygen level of 3.1 per cent more than three times as much 
ascorbie acid was retained during storage than was retained in the control 
lot. Reducing the oxygen to still lower levels caused a marked rise in the 
rate of destruction. At a concentration of 0.8 per cent losses were 
almost as high as in normal air. An examination of this particular 
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sample revealed that the tissue had been injured severely by suboxida- 
tion. A pronounced alcoholic odor was noticed when the chamber was 
opened. Probably the presence of alcohol or other end products of 
anaerobic fermentation was detrimental to the vitamin. 


TABLE 5 
Effect of Modified Atmosphere Storage on Ascorbie Acid Content 
of Kale 








Ascorbic acid 





Time of Storage Days Modification of storage Mg. per 
experiment temp. stored atmosphere Mg. per gm. of orig Orig. 
gm. fresh wt. ‘| retained 





“—. pet. 

October 1941 20 1.884 1.884 100.0 
Normal air 0.570 0.561 29.8 
3.1% O- 1.757 1.749 92.8 
0.8% O- 0.583 0.578 30.7 
6.3% O-12.7% CO:z 1.683 1.668 88.5 























Whether or not the rate of ascorbic acid losses are affected by the 
presence of carbon dioxide cannot be ascertained from the data since 
none of the samples was held at a comparable oxygen level. At any rate, 
losses in ascorbie acid in an atmosphere containing 6.3 per cent oxygen 
and 12.7 per cent carbon dioxide were only slightly higher than in sam- 
ples held at 3.1 per cent oxygen. This suggests that even at a temperature 
of 20°C. the effect of carbon dioxide is beneficial instead of detrimental. 


TABLE 6 


Effect of Modified Atmosphere Storage on Ascorbic Acid Content 
of Sprouting Broccoli 








Ascorbic acid 





Time of | Storage Days Modification of storage | Mg. per 
experiment temp. stored atmosphere Mg. per | em. of orig. Orig. 
| gm. Peed wt. | retained 





° | pet. 
August 1942 y 1.419 1.419 100.0 
Normal air | 0.697 0.551 38.8 
2.2% Oo 1.136 0.976 68.8 
2.2% O--17.0% CO: 1.268 1.174 82.7 


August 1942 1.258 1.258 100.0 
Normal air 0.856 0.714 56.8 
1.59% O2 1.081 0.865 | 68.8 
1.7% O2-16.6% CO: 1.255 1.148 | 91.3 























Broccoli: The results of two storage experiments with broccoli (Table 
6) show that the benefit from low oxygen storage was small. At a tem- 
perature of 10°C., especially, only little more ascorbic acid was retained 
at a reduced oxygen concentration than in the control sample. At both 
temperatures, 24 and 10°C., the addition of carbon dioxide in concen- 
‘vations of about 17 per cent had a decided beneficial effect. 
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Brussels Sprouts: The data for Brussels sprouts (Table 7) were similar 
to those for broccoli. The beneficial effect of a low oxygen level was smaller 
than in any of the other vegetables examined. This may be due in part to 
the fact that the level of oxygen was slightly higher in these experiments 
than in others. As in broccoli, carbon dioxide in the storage atmosphere 
somewhat retarded losses of ascorbic acid at both temperatures. 


TABLE 7 


Effect of Modified Atmosphere Storage on Ascorbic Acid Content 
of Brussels Sprouts 








Ascorbic acid 





Time of Storage Days Modification of storage Mg. per 
experiment temp. stored atmosphere Mg. per | om. of orig. Orig 
gm. ~ fresh wt. retained 





"¢. pet. 
October 1942 24 1.095 1.095 100.0 
Normal air 0.849 0.604 55.2 
2.6% O: 1.046 0.748 68.3 
2.6% O2-18.4% COz 1.023 0.919 83.9 


October 1942 1.498 1.498 100.0 
Normal air 1.239 1.079 72.0 
2.3% Oz 1.422 1.226 81.8 
2.5% O-17.2% CO: 1.525 1.328 88.7 























SUMMARY 

The effect of modified atmosphere storage on the rate of ascorbic acid 
destruction of seven vegetables was studied at temperature levels varying 
from 10 to 24°C.(50 to 75.2°F.). 

A reduction of the oxygen content of the storage atmosphere always 
resulted in a lowering of the rate at which ascorbic acid was lost. The 
effectiveness of the treatment varied with different vegetables, with the 
level of oxygen, and the temperature of the storage room. Asparagus, 
spinach, and kale gave the best response to modified atmosphere storage. 
At oxygen concentrations below four per cent the retention of ascorbic 
acid in these vegetables was 2.6 to 4 times as high as in comparable sam- 
ples stored in normal air. The data indicate that at a given oxygen level 
the effectiveness of the treatment decreases somewhat with a lowering of 
the temperature. 

Inconsistent results were obtained when carbon dioxide in eoncentra- 
tions as high as 20 per cent was added to the atmosphere containing small 
proportions of oxygen. In broccoli and Brussels sprouts the presence of 
earbon dioxide further inhibited losses of ascorbie acid regardless of the 
temperature at which the experiments were carried out. The presence of 
carbon dioxide accelerated the destruction of asecorbie acid in asparagus 
and spinach at room temperature but retarded it at a temperature of 10°C. 
In peas the presence of carbon dioxide had a detrimental effect on the 
vitamin content at both temperature levels. 

The data furnish additional evidence for the statement that vegetables 
held in cold storage, common storage, or outdoor bins require only a mini- 
mum of ventilation. At temperatures commonly employed for the storage 
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of vegetables a lowered oxygen concentration and increased carbon dioxide 
content of the air has a beneficial instead of detrimental effect. Ventila- 
tion for vegetables in storage is needed only to remove heat during the 
beginning of the storage period and to prevent the complete utilization 
of oxygen by respiration. 

Whether or not the storage of vegetables under controlled, modified 
atmosphere will find commercial application is doubtful. Although the 
storage in modified atmosphere materially retards the loss of flavor and 
food value of vegetables, the cost of constructing gas-tight storage rooms 
and of maintaining the desired gas composition may prove to be too high 
to justify its commercial application. It also must be remembered that the 
spoilage of vegetables in storage is caused primarily by the action of molds 
and bacteria, the development of which is little affected by modification 
of the storage atmosphere. 
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Since tomatoes are one of the commonly available sources of ascorbic 
acid, we thought that an investigation of some of the factors which affect 
the concentration of the vitamin in this fruit would yield interesting results. 

It has been shown by numerous investigators that the ascorbic acid 
content of fruits and vegetables may vary under certain conditions. Among 
the factors reported by various investigators as being responsible for these 
fluctuations are the following: conditions of ripening by House, Nelson, 
and Haber (1929), Wokes and Organ (1943), Kohman and Porter (1940), 
Hamner and Maynard (1942), and Harris (1941); soil and fertilizer by 
Suguira (1938), Tressler, Mack, and King (1936), Von Hahn and Goérbing 
(1933), Ijdo (1936), Isgur and Fellers (1937), Potter and Overholzer 
(1933), Wachholder and Nehring (1938), Hamner, Lyon, and Hamner ' 
(1942), and Hester (1941); maturity by Bessey (1938), Oliver (1938), 
Wasson (1931), Brown and Moser (1941); and processing by Tressler and 
Curran (1938), Floyd and Fraps (1942), and Mituda (1938). The effect 
of the variety of the fruit and conditions of soil are well established by 
Maclinn, Fellers, and Buck (1937), Yarbrough and Satterfield (1939), 
Currence (1940), and Gomolyako (1937). We thought it advisable, there- 
fore, to confine our studies to one variety at the same location, and to 
determine the effect of rainfall and sunshine on the vitamin C content of 
the fruit. 

This study of Illinois-grown tomatoes was begun in 1942 and continued 
during the 1948 season. 

EXPERIMENTAL PROCEDURE 

Nature and Source of Samples: The tomatoes tested were of the early 
Baltimore variety. They were grown at the Cook County Experiment 
Station of the University of Illinois, College of Agriculture, located at 
DesPlaines, Illinois. 

The 1942 series were planted in the greenhouse on April 2, shifted to 
a soil bed on April 17, and transplanted out of doors on May 20, in a 
Lisbon clay loam to which 500 pounds per acre of 4-8-6 fertilizer was 
applied on April 8, 1942. The 1943 samples were collected from plants 
which were planted in the greenhouse on March 20, shifted to the bench 
on April 16, and transplanted to the field on May 26. The fertilizer on 
the plot consisted of 400 pounds of a 4-12-6 mixture per acre. 

On July 8 and 22, 1942, the first or second and third blossoms of the 
inflorescence were tagged if the flowers appeared of approximately the same 
age. The tagging for the 1943 series was done on July 17, 1943. Using 

*Part of experimental data in this paper are taken from a thesis submitted by 
Ignatius J. Kaski in partial fulfillment of the requirement for the degree of Master of 
Science in Chemistry in the Graduate School of the University of Illinois. 
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the fruit which had developed from these tagged blossoms, we assumed 
that the samples collected at any particular time were approximately the 
same age. 

Analytical Procedure: The samples were picked at the intervals shown 
(Table 1). Quarters of several tomatoes were taken to make up a com- 
posite sample of 100 grams. These samples were weighed directly into 50 
ml. of 10-per cent metaphosphoric acid and mixed for about two minutes 
in a Waring blender. The mixture was then transferred to a 250-ml. 
volumetric flask and made up to volume with distilled water. Either five 
or 10 ml. of filtrates were titrated according to the method of Bessey and 
King (1933). ~ 

Several of the filtrates were treated with hydrogen sulfide, as described 
by Floyd and Fraps (1942), while others were treated with ascorbic acid 
oxidase according to the procedures of Tauber and Kleiner (1935) and 
Kraemer and Satterfield (1942). Since the hydrogen sulfide treatment 
did not cause any increase in the titratable ascorbic acid, it was evident 
that the tomatoes did not contain any reversibly oxidized ascorbic acid and 
since, after the oxidase treatment, the titration values were practically zero, 
it was apparent that substances interfering with the reaction were absent. 
soth procedures were omitted after the first few determinations. 


DISCUSSION 


Our results on the ascorbic acid content of tomatoes are in agreement 
with the averages reported in the literature. In following the vitamin C 


content of the growing fruit from blossom to maturity, we observed rather 
large fluctuations in the titration values for samples collected on different 
days. The variations occurred in the green and ripe fruit. A possible 
explanation for these fluctuations in the vitamin C values can be obtained 
from a study of the weather data on rainfall and sunshine during the 
experimental periods. It appears that low ascorbie acid values were found 
when the fruit was picked on rainy or cloudy days and that the high 
values were obtained at intervals when a high percentage of possible sun- 
shine preceded the collection of the samples. This is in agreement with 
the findings of Wokes and Organ (1943) who coneluded from the results 
of their experiments that exposure to sunshine during the ripening may 
have a favorable effect on the vitamin C content of tomatoes. 

We could find no significant differences in ascorbie acid values in green 
and ripe tomatoes collected at the same time. This observation was made 
also by Wokes and Organ (1943) and Maclinn and Fellers (1938). 

The possible influence of the water content and the pH of the pulped 
fruit on the vitamin C content was considered and investigated on the 
series of 1948. No close correlation between these factors and the titration 
values could be observed (Table 1). 

Reid (1938, 1943) has pointed out that some plants lose vitamin C 
during periods of darkness at a more rapid rate than it is synthesized. 
She observed net losses as high as 20 per cent during the night and net 
increases up to 25 per cent during bright days. In view of these observa- 
tions. it might be predicted that a cloudy or rainy day would be marked 
by a lower production of aseorbie acid than days of bright sunshine. Our 
results indieated that this was true in the case of tomatoes (Figs. 1 to 3). 
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TABLE 1 


Ascorbie Acid Content of Tomatoes 








Age 
of 
fruit * 


Series I 
1942 


Series II 
1942 


Series of 1943 





Mg. of 


ascorbic 


acid 


Mg. of 
ascorbic 
acid 


Mg. of 
ascorbic 
acid 


PH of 
pulped 
fruit 


Water 
content 
of fruit 








days 
14 
21 
28 
29 
35 
36 
40 
43 
45 
47 
48 
49 
50 
52 

54 


pet. 
23.17 
18.12 


26.39 


pet. 
32.69 








pet. 
24.05 
17.19 





5.00 





pet. 
92.44 
93.58 





1Time in days counted from the day the blossoms 


were tagged to the day the fruit was picked 
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Since all the plants from which these fruits were picked had been grown 
in the same plot, one may assume that rain and sunshine were the variables 
affecting the vitamin C content. It will be noted that the titration values 
for the 14-day fruit of Series II, 1942, are higher than those obtained for 
the fruit of the same age of the other two series. The rainfall was greater 
during the first two weeks of the growth period for Series II, 1942, than 
it was during the comparable period for the other series. It would seem 
that abundant moisture has a favorable influence on the development of 
ascorbic acid in the very young fruit. The effect of sunshine and rainfall 
during the subsequent period of growth and ripening seems to be different. 
Long hours of sunshine have a beneficial influence on the ascorbie acid 
balance of the fruit, while tomatoes collected shortly after a rain showed 
a decrease in their vitamin C content. These fluctuations occurred in all 
three of these series. It would seem, therefore, that in order to insure the 
highest possible amount of ascorbie acid in tomatoes, it would be desirable 
to collect the fruit after an interval of some sunshine, climatic conditions 
permitting, and if it is economical to do so. 


SUMMARY 


Three series of tomatoes of early Baltimore variety were tested for 
their ascorbic acid content during various stages of development. 

An analysis of the available weather data provides a basis for the 
assumption that sunlight and rainfall may be the causal agents for the 
variations in ascorbic acid content. 
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In the present edition of Methods of Analysis of the A.O.A.C. there 
is neither a tentative nor official method for the determination of esters 
in wines. The distillation method prescribed for distilled liquors has been 
used for wines, Nelson and Wheeler (1939), but it only indicates volatile 
neutral esters and these only approximately with wines. The percentage 
of the esters determined by distillation procedures depends on the ecompo- 
sition of the wine and the design and rate of operation of the distilling 
apparatus. The ester content of distilled liquors is practically all volatile 
esters; wines have nonvolatile and volatile neutral esters as well as rela- 
tively nonvolatile acid esters. The ester content of wines is extremely vari- 
able since the various types of wines vary markedly in pH, acidity, alcohol 
content, and microorganism population. Ethyl lactate occurs in spoiled 
wines and, since it is less volatile than ethyl acetate, misleading results for 
the volatile esters may be obtained by distillation procedures. Distillation 
procedures, however, are capable of giving approximate results for the 
ethyl-acetate content of wines.’ Direct saponification, although used by 
many early enologists, is impracticable since tannins, sugar, and other 
substances present in wines also consume alkali. 

Liquid-liquid extraction of esters has been used very little for wines. 
Berthelot (1899) used ethyl ether, shaking neutralized wine with the ether 
and then saponifying. His unfamiliarity with the partition coefficients 
undoubtedly led to low results. Seurti (1910) also used ethyl ether for 
the extraction and qualitative identification of the esters. Since ethyl 
ether also extracts tannins and other saponifiable substances, petroleum 
ether was suggested by Espil and Peynaud (1936). In comparative tests 
Peynaud (1937) found only one-fourth as much apparent esters by petrol- 
ether extraction compared with ethyl-ether extraction. The method used 
in the present study is essentially that of Peynaud. 


EXPERIMENTAL PROCEDURE 


Apparatus: A simple extraction apparatus (Fig. 1) was constructed of Pyrex glass 
for the experiments. The central tube, about 12 inches in length and 114 inches in 
diameter, had a side arm placed at a height of four inches. The inner tube, about % 
inch in diameter, had holes about 14g inch in diameter in the bottom. The central tube 
was connected to a water-cooled condenser at the top. The side arm was attached to a 


1 Several short methods for determining the approximate neutral ester content of 
wines have been tried in this laboratory. Archinard’s (1939) method gave 53 per cent 
recovery. Peynaud has published two short procedures; his original method (1937) 
gave 75.5 per cent recovery from ethyl! acetate solutions. Wines to which known amounts 
of ethyl acetate were added gave a 73.5 per cent recovery. Peynaud’s revised procedure 
(1939) is somewhat like Archinard’s. The recovery from synthetic solutions was 58 per 
cent. Grandchamp and Vollaire-Salva’s method (1939) has not been tried. 
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250-ml. Erlenmeyer flask. Neoprene stoppers were used, since rubber is not advisable 
with warm petrol-ether systems. The Erlenmeyer flask was placed in a hot-water bath, 
the temperature of which was thermostatically controlled by submerged electric heaters. 

The distillation apparatus was a 500-ml. Pyrex ammonia type with a Graham 
condenser (Corning No. 3340). 


cold water 
condenser 










~ neoprene stqoper 








Yn." holes 


eco Coe (36 


—<—SJ 
Cc, 
Oetai! of center tube. 


petrol ether 


wine pH 80 


neoprene stogper 


fLrlenmeyer flask. 


—hot water bath 
vetro/ ether 
Na OH 


Fig. 1. Apparatus for the liquid-liquid extraction of esters from wines. 


Reagents: Petrol ether was redistilled over sodium hydroxide and the fractions 
boiling below about 65°C.(149°F.) were saved. Carbonate-free 0.0333 N sodium hydrox- 
ide was used for the saponification and standardized hydrochloric acid for the back 
titration. A 10-per cent solution of diglycol laurate (Neutral S of Glyeo Produets Co., 
Inc., New York) was prepared before each extraction. 

Technic: Twenty-five ml. of wine was carefully neutralized to a pH of 7.5 to 8.0 
in a Beckman pH apparatus. The wine was washed into the central tube, two drops of 
the 10-per cent diglycol laurate added, the inner tube inserted, and the apparatus 
connected to the water condenser. To the Erlenmeyer flask was added 10 ml. of the 
0.0333 N NaOH, the sides of the flask were washed down with 50 ml. of carbon 
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dioxide-free water, and the flask was connected to the side arm. Petrol ether was then 
poured through the top of the water condenser. The ether falls into the inner tube, 
and when sufficient head is established, pushes out through the small holes at the bottom. 
The finer the bubbles rising through the wine the more rapid the extraction of the 
esters. Sufficient of the ether is poured in until about 100 ml. overflows into the 
Erlenmeyer flask. The temperature of the water bath was adjusted to about 64°C. 
(147.2°F.) so that approximately 500 ml. of petrol ether was condensed in the con- 
denser per hour. The purpose of the dilute diglycol laurate was to prevent the formation 
of emulsions as the small bubbles of petrol ether rise through the wine. If emulsions 
started to form during the extraction, a drop or two more of the diglyeol laurate was 
added. 

The extraction was continued for 24 hours. The residual NaOH was titrated with 
standardized HCl. This titration had to be done very slowly on account of the petrol- 
ether layer in the Erlenmeyer and the formation of emulsions when the flask was shaken. 
The amount of NaOH used represents the total neutral esters extracted. 


TABLE 1 
Neutral Esters in Various Types of California Wines Using a 
Liquid-Liquid Extraction Method ' 




















Wine type gion Total Volatile 
PIS cs iin ssisennpsnsvoierinacatisasisibecussesbsciniobuiaenteecrsvieel 15 195 85 
INN tors dcesaiads Tuc ses iar acawuaniesadoe tab unasebbieeaMeaenntennees 7 342 116 
IN NIN asco castveiiceuspnsuddacuandesabeinicancvuceeuscinusiedonsbaves 6 188 102 
NID clad saesasubiaidusdculenie’ cues Suapvoueciassececsssesevertabeissbebe 16 224 96 
SI soncsviceevssuvvsseninndcassndhevsecsseupscupeasaecosrinesssacivevecvussberes 25 277 174 
INI a sic ccisccusispicossasccipracnceeomsommveenrdis anesereomeapearess] 19 357 145 
INI ci sielansaiegessbowdobtenctetiesacadasseeiewsaeniceidenesudiios 19 300 113 
II ii uciacensksrduinessileetniartaebaeoucesacenipeivenmnoubeernents 10 137 65 
NE IRIN 5a diane scilsgs cccoeuenunnanpipeesieedenunbeberaennied 21 174 120 





1 Milligrams of ethyl acetate per liter. 


The neutralized solution was then placed in a separatory funnel, and the neutralized 
solution run off into a 100-ml. volumetric. The funnel and the petrol ether was washed 
twice with 15 ml. of carbon dioxide-free water and the washings run into the same 
volumetric. The solution was brought to volume and placed inj the distillation apparatus. 
Two ml. of N H:SO; was added and eight ml. of water used to wash out the volumetric. 
One hundred ml. was distilled off, heated to boiling for 20 seconds to rid of carbon 
dioxide, and titrated with 0.0333 N NaOH. The amount of NaOH used represents about 
90 per cent of the volatile neutral esters—ethyl acetate primarily. The milliliters of 
NaOH used were multiplied by 1.11 and the result subtracted from the amount used in 
the first saponification. The remainder is the nonvolatile neutral esters. Blank solutions 
were occasionally extracted and appropriate corrections applied to the titration values. 
The consumption of alkali by the blanks was very small—less than 0.2 ml. of 0.0333 N 
NaOH for the total neutral esters and about 0.1 ml. for the volatile esters. 

This procedure has been applied to a large number of both table and 
dessert wines in this laboratory. When the rate of condensation of the 
vetrol ether exceeds 500 ml. per hour, 22 wines extracted for periods up to 

I } I 
30 hours showed little extraction after 25 hours. The pH of the wine. 
within limits, is apparently not an important factor in the extraction of 
neutral esters. The pH of samples of two wines was varied from 6.0 to 9.3. 
Above 9.0 there was some reduction in the total neutral esters extracted. 

In 69 commercial, bottled, California dessert wines (Angelica, Muscatel, 
Tokay, white port, and port) the total neutral esters averaged 247 and the 
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volatile neutral esters 123 as milligrams of ethyl! acetate per liter. In 69 
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commercial, bottled, California table wines (Burgundy, Zinfandel, Sau- 
ternes, and dry Sauternes) the total esters averaged 254 and the volatile 
neutral esters 117 as milligrams of ethyl acetate per liter* (Table 1). 

Both the total and volatile neutral esters varied tremendously in the 
various types of wines. Further details of these analyses and their sig- 
nificance will be published later. ° 


SUMMARY 

The apparatus and technic of a liquid-liquid extraction procedure for 
determining the neutral esters in wines is discussed. 

The volatile and nonvolatile neutral esters can be approximately sep- 
arated. Collaborative work on this procedure would be very desirable. 

Further work on an extraction method for total esters—neutral esters 
plus acid esters—is needed. 

* Liquid-liquid extraction for determining acid esters as well as neutral esters has 
been tried, but consistent results have not been obtained owing to the difficulty of 
removing tannins and coloring matter. 
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The sudden demand of the British Ministry of Food for enormous 
quantities of dried whole eggs of a quality suitable for fresh-egg dishes 
has introduced, among others, the problem of bacteriological control of 
breaking and drying operations. Since the nine drying plants in Canada 
are widely scattered, main reliance had to be placed upon bacteriological 
examination of the powder itself at a central laboratory, supplemented 
where possible by plant-sanitation surveys. 

As a result of discussions between the driers, the British Ministry of 
Food, and the Special Products Board and its technical advisers the fol- 
lowing standards were agreed upon for the 1943 drying season: 

Grade A powder (for use in fresh-egg dishes), total viable count on tryptone 
glucose agar, after 48 hours at 37°C., shall not exceed 500,000 per gram, with 
E. coli absent from 1/100 gram. 
Grade B powder (residual portions, for baking purposes only), no viable count 
limit, but EZ. coli absent from 1/1,000 gram. 
While the plate count in particular was of value in directing attention to 
several cases of faulty plant practice, it was nevertheless noticed that an 
occasional plant, where sanitary conditions and practices were not above 
criticism, maintained a surprisingly low level of viable counts. Informa- 
tion at hand [Johns (1943a)] suggested that, as in the case of dried milk, 
the plate count of egg powder is greatly influenced by the method of drying 
and of subsequent storage. In the dried-milk field, the direct microscopic 
method furnishes valuable information concerning the previous history of 
the product [Prickett (1939)] and it seemed logical to assume that this 
might also hold true for dried eggs. Bartram (1943a) has recently reported 
that this is the case. Consequently it was decided to make direct micro- 
scopic counts concurrently with plate counts on all samples received after 
July 26, 1943. 

The technique originally employed was to spread 0.01 ml. of a 1/10 
dilution of egg powder over an area of one sq. em. on a clean microscopic 
slide, then to defat, fix, and stain with the Newman-Lampert combined stain 
commonly used in milk work. This, however, was not too satisfactory, the 
background being too dark for easy counting. The acid-methylene blue 
stain described by Mallman and Churchill (1942) was next tried, but 
trouble was experienced with films washing off. Finally, the technique 
described in Standard Methods for the Examination of Dairy Products 
(1941), using North’s aniline oil-methylene blue stain, was adopted with 
the staining period extended to one to two minutes, as suggested by Bart- 

* Contribution No. 181 (Journal Series) from the Division of Bacteriology and Dairy 
Research, Science Service, Department of Agriculture, Ottawa, Canada, 
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ram (1943b). This gave much more satisfactory results. We have recently 
been experimenting with various modifications of Gray’s (1943) methylene 
blue-basie fuchsin stain; this also gives nice results but the technique re- 
quires more careful attention than North’s. For official control purposes, 
at least 60 fields should be counted unless organisms are present in very 
large numbers. As suggested by Bartram (1943b), paired cocci are counted 
as a single cell to avoid attempting to differentiate between them and long 
rods with an unstained or lightly stained central spore; where a clump 
or chain of cells is found, however, each individual cell is counted. 

The greater value of the direct microscopic method in indicating the 
previous history of the product is suggested by the data (Table 1). Plant 


TABLE 1 
Counts on Whole Egg Powder 








Bacteria count 
(thousands per gram) 
Ratio— 

° > 
Direct D.M.: Plate 
Plate 





Sample 


microscopic 








Plant £ 330 30.0 
¢ 220 5 44.0 
9.2 








Plant B “s 55 69.0 
¢ 30.0 

42.0 
1,100 32.0 
770 { 86.0 
770 g 86.0 
440 26.0 
330 5.0 
6,200 82.0 
110 f 1.4 
S80 9.8 
660 ( 7.3 
950 95.0 
1,300 162.0 








A, where good sanitary conditions prevailed, showed low counts with both 
methods. Plant B, where sanitation sometimes suffered as a result of em- 
phasis upon volume of production, showed equally low plate counts (a 
box-type drier was used) but the direct microscopic counts were almost 
invariably at a much higher level than in Plant A. That this is not infre- 
quently the ease is shown (Fig. 1), wherein the relative counts by direct 
microseopie and plating methods on a series of 150 prime powders from 
nine plants are shown. 

High counts in the powder may be due either to the use of low-grade 
eggs or to opportunities for growth of bacteria prior to drying. Since 
Canadian driers are furnished with high-grade shell eggs containing few 
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bacteria, Johns (1943b), high counts in Canadian egg powder can almost 
invariably be attributed to faulty plant practice. The count obtained by 
the plating method suffers from the disadvantage that it is significantly 
affected by such factors as the type of drier, drying temperature, speed 
of removal from drier, rate of cooling, and temperature and length of 
storage, so that extremely low counts may sometimes be obtained from 
melange with a moderately high bacterial content. The direct microscopic 
count, being much less influenced by the factors mentioned, reflects more 
accurately the conditions under which the melange was handled, and thus 
appears to be of greater value in control work. 
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Fic. 1. Comparative counts (expressed as logarithms) of 150 samples of Canadian 
dried whole eggs by direct microscopic and plate count methods. 


In one respect the direct microscopic method as applied to dried eggs 
is less satisfactory than when applied to dried milk. This is when the 
melange has been pasteurized before drying. While the degree of heat 
treatment given egg melange [60°C.(140°F.) for 30 minutes in the present 
instance] is less severe than that given milk in forewarming, the bacterial 
cells in pasteurized melange (or powder made therefrom) fail to stain 
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with either North’s or Gray’s stains as they do in dried milk. This is 
illustrated by the counts on samples of pasteurized and unpasteurized 
melange and powder (Table 2). The plant in question was working with 
frozen melange of such a high bacterial content that they were experienc- 
ing difficulty in meeting the bacteria count limits for Grade A powder. 
To reduce the count on their powder, vat pasteurization was resorted to 
with the result that both plate and direct microscopic counts fell to a low 
level. Similar results have been obtained with powder from a second plant 
which has followed the same practice of pasteurizing high-count melange. 
The possibility of so modifying the technique of the direct microscopic 
method that the organisms destroyed by pasteurization may be rendered 
stainable is being investigated. 


TABLE 2 
Comparison of Plate and Direct Microscopic Counts? on 
Pasteurized vs. Unpasteurized Egg 








Melange in thawing | Melange in balance 
tank | tank 


D.M. Plate D.M. Plate 


Powder 
Sample 





D.M. Plate 





330,000 13,000 250,000 240 
240,000 15,000 52,000 630 


PO, Biibcccrcercccciiiacndiadeintcauwises | 36,000 5,500 
pe eRe 46,000 8.900 








| 

_ | 
Unpasteurized | 

| 

| 


Pasteurized 
PO i acesstiinstecniinongeaidinan 17,000 | 11,000 110 59 350 
Dee. 12... bee 3,500 | 900 220 8 <110 
Dee. 16... ne | 1,600 <110 48 <110 
Jan, 2,900 | 3,600 | 75 | 24 150 

















1Given in thousands per gram. 
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Lane, Johnson, and Williams (1942) and Cheldelein and Williams 
(1943), in attempting to evaluate the actual amounts of vitamins entering 
into the average American diet, have made the interesting observation 
that the wide- variations in caloric contributions of different foods to diets 
often cause the total vitamin contributions of these foods to be quite dif- 
ferent from what would be expected on the basis of relative vitamin 
contents alone. They point out, for example, ‘that white bread, even 
though a relatively poor source of riboflavin, is second only to milk as a 
total contributor of riboflavin to the diet. Viewed in this manner, meats 
are found to contribute about one-fifth of the total riboflavin supply to 
the diet and one quarter of the thiamin supply. In the meat category, 
pork is the principal thiamin contributor. 

The most extensive investigations of the distribution of vitamins in 
meats and their retention in cooking have come from the Wisconsin and 
Texas groups. Mickelsen, Waisman, and Elvehjem (1939) found the liver 
and kidney of pork, beef, lamb, and veal to be uniformly higher in ribo- 
flavin content than other organs of these species. They reported no loss 
of riboflavin by stewing as contrasted with losses of from. 33 to 60 per 
cent by pan broiling and roasting. McIntire, Schweigert, Henderson, and 
Elvehjem (1943), in experiments where the cooking conditions were more 
carefully standardized, reported the average thiamin retention in pork 
to be 70 per cent after roasting and broiling and 50 per cent after braising. 
The riboflavin retention averaged 85 per cent with both cooking methods. 
The total retention in the meat plus drippings was 70 per cent for thiamin 
and 90 per cent for riboflavin for all methods of cooking. A wide varia- 
tion in the thiamin and riboflavin contents of different pork carcasses was 
also reported. 

Schweigert, McIntire, and Elvehjem (1943), in a study of fresh and 
cured hams, reported the average retention for meat alone, after roasting, 
to be 58 per cent for thiamin and 74 per cent for riboflavin. The average 
total retention in the meat plus drippings was, after roasting, 70 per cent 
for thiamin and 84 per cent for riboflavin; after pan broiling, 92 per cent 
for thiamin and 86 per cent for riboflavin. Considerable variation was 
noted in the thiamin content of different sections of the ham while the 
riboflavin values were more constant. 

* Published with the approval of the director as Paper No. 184 of the Journal Series. 

* The authors wish to acknowledge the assistance of Miss Mary F. Gyles in the ana- 
iytical work, and of Dr. Ralph Comstock in the statistical analysis of the data. 
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Cheldelein and Williams (1943) have recently published riboflavin val- 
ues for bacon, ham, and loin chops before and after frying. The values 
for the raw edible portion were bacon 3.1, ham 2.6, and loin chops 2.3 
micrograms per gram. The total losses after frying were, respectively, 9, 
19, and 26 per cent (total loss did not include vitamin loss in cooking 
liquors ). 

Lane, Johnson, and Williams (1942) have reported thiamin values for 
raw edible portions of pork products as follows: ham 11.81, loin chops 
14.84, and shoulder 10.51 micrograms per gram. Frying the ham incurred 
a thermal loss of thiamin of 47 per cent, baked loin chops lost 70 per cent, 
and roast shoulder lost 55 per cent of the thiamin. 

The work here reported adds to existing information regarding the 
distribution of riboflavin and thiamin in pork loin muscles and includes 
studies on the effect of roasting to an internal temperature of 85°C. 
(185°F.) on riboflavin and thiamin losses. 


EXPERIMENTAL PROCEDURE 


Riboflavin: The animals used for this study were butcher hogs which 
were fed various fattening rations and slaughtered at a weight of approxi- 
mately 225 pounds. The chief differences among the fattening rations 
were in the varying amounts of soybeans, soybean oil meal, and soybean 
oil that were fed. It should be emphasized that the rations were not 
designed to vary in riboflavin content. A total of 10 left loins were taken 
for riboflavin analysis. Roasts from these loins weighing approximately 
750 grams and consisting of the first, second, and third lumbar vertebrae 
were cooked to an internal temperature of 85°C. The thermometer was 
inserted near the center of the rib eye (longissimus dorsi) muscle. After 
cooking, samples were taken from the rib eye and tenderloin (psoas major ) 
muscles for determination of the moisture, ether extract, and riboflavin 
content. The same analyses were made on the uncooked muscles in the 
fourth lumbar region. The riboflavin determinations were made according 
to the fluorometric method described by Peterson, Brady, and Shaw (1943). 

Thiamin: For this work, left loins from eight butcher hogs weighing 
approximately 225 pounds at the time of slaughter were used. Five of 
the hogs were fattened on a ration consisting chiefly of ground wheat 
while on soybean pasture. Three hogs were carried on pasture up to 100 
pounds and then finished on a standard corn-fattening ration to which 
10 per cent soybean oil was added. It should be noted that no attempt 
was made to influence the thiamin intake. The pork chops were one 
vertebrae length in thickness. An effort was made in the experiment to 
ascertain the magnitude of muscle-to-musecle variation as well as to find 
out whether different sections of the same muscle had identical thiamin 
contents. In the ease of the uncooked meat, moisture, ether extract, and 
thiamin determinations were made on the muscles from one-half of the 
chops from the 10th and 11th thoracic and third and fourth lumbar 
regions. The remaining chops from the thoracic and lumbar regions were 
cooked to an internal temperature of 85°C. and analyzed. The rib eve 
(longissimus dorsi) muscle was analyzed in the thoracic region while 
in the lumbar region the tenderloin (psoas major) and rib eye muscles 
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were both analyzed. Thiamin was determined by a fluorometric pro- 
eedure which will be described in detail in another publication. Briefly 
stated, the extraction and incubation of. extracts with clarase are the 
same as for the riboflavin procedure except that samples are heated in a 
water bath for one hour instead of being autoclaved. Owing to the remark- 
able clarity of the meat extracts, the adsorption step used by Conner and 
Straub (1941) is omitted. Appropriate blanks and the increment owing 
to a known amount of thiamin are determined for each sample. 

Analysis of variance and the ‘‘t’’ test were used for testing the sig- 
nificance of differences. 

RESULTS 

The riboflavin contents of the longissimus dorsi (rib eye) and psoas 
major (tenderloin) muscles in the lumbar region of the pork loin (Table 
1) show that the wide differences in values for the two muscles are 
consistent for both the cooked and uncooked meat. These values are of 
the same magnitude reported by Peterson et al. (1943). The larger values 
of the cooked meat (Table 1) are due to the reduced moisture content and 
may be somewhat misleading unless it is remembered that they are on 
strictly a gross-weight basis. The term ‘‘gross’’ weight is used through- 
out to replace the term ‘‘fresh’’ weight, since the latter term might be 
confusing, particularly when referring to the cooked samples. 


TABLE 1 
Riboflavin Content of Roasts From 10 Pork Loins’ 








Muscle Uncooked Cooked 








Longissimus dorsi.. eae 1.21 + .09 1.40 + .13 
Psoas major 2.75 + .20 2.88 + .27 


1 Micrograms of riboflavin per gram of tissue, fresh-weight basis. 








TABLE 2 
Riboflavin Content of Pork Loin Roasts’ 








Muscle | Uncooked | Cooked Loss 





pet. 
Longissimus dorsi * 5.18 + .38 4.164 .35 19.7 
Psoas major | 12.58 + .88 10.24 + 1.18 18.6 


1 Micrograms of riboflavin per gram of tissue (dry, fat-free basis). * Probability is 0.07 that 
the difference between the cooked and uncooked is due to chance. 





The values are calculated to a dry, fat-free basis (Table 2); it will be 
noted that the riboflavin content of the muscles, when cooked to an internal 
temperature of 85°C., was uniformly lower than on the uncooked muscles. 
It will also be noted that on a dry, fat-free basis the cooked muscles con- 
tained approximately 80 per cent as much riboflavin per gram of lean 
meat as the uncooked. The apparent contradiction in the effect of cooking 
as shown ( Tables 1 and 2) emphasizes the importance of considering 
vitamin values on both the gross-weight and dry, fat-free bases. Unless 
consideration is given this point, the values may be misinterpreted. 

Average moisture and ether-extract content of the uncooked and 
cooked lean muscle samples are given (Table 3). Of particular interest 
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is the rather marked inerease in the fat content of the tenderloin muscle 
with cooking. The increase in fat content is explained on the basis of the 
external fat from the top of the roast dripping down and accumulating 
in the tenderloin muscle. This table clearly indicates the need for caleu- 
lating the vitamin values on a dry, fat-free basis in order to obtain a true 
picture of the losses incurred in cooking. 


TABLE 3 
Moisture and Ether Extract of Pork Roasts 








Longissimus dorsi Psoas major 





Dry, Dry, 


Treatment 
fat-free Moisture Fat fat-free 


Moisture Fat | 
| residue residue 
| 





3.9 23.8 75.6 2.4 22.0 


4.6 33.5 62.5 8.7 28.8 


Uncooked 72.7 
Cooked 61.9 








pet. | pet. pet. pet. pet. pet. 





The thiamin content of the longissimus dorsi muscle in the thoracic 
and lumbar regions is given (Table 4); the values listed for the psoas 
major are for the lumbar region only since this muscle is not found in 
the thoracic portion of the loin. It will be noted that the values on the 
cooked and uneooked muscles are very similar. Here again the values 
may be misleading if we do not take into consideration the reduced mois- 
ture content of the cooked samples. In this table the values are listed 
strictly on a gross-weight basis. 

TABLE 4 
Thiamin Content of Chops From Eight Pork Loins? 








Muscle | Uncooked Cooked 





Longissimus dorsi: 
Thoracie region 
Lumbar region 

Psoas major 








1 Micrograms of thiamin per gram of fresh lean tissue. 
When the values given in Table 4 are calculated to a dry, fat-free 
basis (Table 5) it is noted that the thiamin values in the lumbar region 


TABLE 5 
+ Thiamin Content of Pork Loin Chops * 








Muscle Uncooked Cooked Loss 





Longissimus dorsi :* * pet. 
Thoracie region 57.8 A 26.6 
Lumbar region 63.9 51.5 19.4 

Psoas major?” 61.8 3.2 30.1 








1Micrograms of thiamin per gram of lean tissue (dry fat-free basis). 2 Losses in thiamin 
content on cooking highly significant (P <0.01). * Thiamin content of thoracic and lumbar regions 
significantly different (P <0.05). 


of the longissimus dorsi are higher than those listed for the thoracic 
region. While this difference is not very large, it was statistically signifi- 
cant on analysis of both the cooked and uncooked samples. To the authors’ 
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knowledge, this variation in thiamin content in different portions of the 
same muscle has not previously been demonstrated. It will be noted that 
on the dry, fat-free basis the cooked muscles contained from 20 to 30 
per cent less thiamin than the uncooked. The losses were highly signifi- 
cant in all cases. 


TABLE 6 
Moisture and Ether Extract of Pork Chops 
































Uncooked Cooked 

Muscle Dry, Dry, 
Moisture Fat fat-free Moisture Fat fat-free 
residue residue 

Longissimus dorsi: pet. pet. | pet. pet. pet. pet. 
Thoracic region.............+. 70.4 5.7 | 23.9 58.2 9.8 32.0 
Lumbar region.............+. 67.1 93 | 23.6 52.6 17.0 30.4 
NE TANG ois aveviscnvvsissesones 72.2 3.9 | 23.9 57.7 10.1 32.2 





Average moisture and ether-extract content of the uncooked and cooked 
lean muscle samples are given (Table 6). The marked differences in the 
fat content between the two regions of the longissimus dorsi emphasize 
the need for considering the thiamin content on both the fresh and dry, 
fat-free bases. Consideration should be given the reduced moisture content 
of the cooked meat. 


DISCUSSION 


Analyses reported in this paper as well as in other unpublished work 
from this station have shown that marked differences may occur not only 
between various muscles within the same cut but differences may also be 
found within different sections of the same muscle. In addition to these 
variables, it should be pointed out that samples taken from carcasses of 
hogs fed identical rations vary widely in their vitamin content. Identical 
muscles from careasses used in this study have varied more than 50 per 
cent in thiamin content. This raises two important points in regard to 
good sampling procedures: (1) sinee the animal-to-animal variation in 
values on the same muscle is large, values must be based on more than two 
or three animals to be very accurate; (2) since muscles vary in their 
vitamin contents, the content of a cut can be obtained only if the sample 
is composed of the separate muscles in the same proportion as they appear 
in the eut. The same concept applies to different sections of the same 
muscle. Results of experiments conducted at this station demonstrate the 
inadequacy of sampling cuts of meat without regard to some specifie area 
which is representative of the whole eut. Probably the most satisfactory 
method would be to grind all of the* meat in the cut and mix thoroughly 
enough so that analysis of aliquot samples reflects the true value of that cut. 


SUMMARY 


The content of riboflavin and thiamin in pork loin muscles was deter- 
mined before and after cooking. 

The riboflavin content of the tenderloin (psoas major) muscle was 
twice that of the rib eye (longissimus dorsi) muscle. 
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The riboflavin content of the cooked loin muscles was found to be 
approximately 80 per cent of that found in the uncooked when calculated 
to a dry, fat-free basis. 

The thiamin contents of the rib eye muscle in the lumbar and thoracic 
regions were significantly different, the former being the higher. 

The thiamin content of the cooked loin muscles was 70 to 80 per cent 
of that found in the uncooked when calculated to a dry, fat-free basis. 

The need for standardized sampling techniques in studies of the ribo- 
flavin and thiamin contents of pork products is indicated in view of the 
significant differences in the vitamin content of different muscles as well 
as in different sections of the same muscle. 
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For the past several years the North Carolina Agricultural Experi- 
ment Station has co-operated with the Bureau of Animal Industry, United 
States Department of Agriculture, in a study of beef production with small 
grains and lespedeza—Annual Reports (1940). Since meat from eattle 
on this project was available for study, and since the riboflavin content of 
the various feeds had been determined, it seemed desirable to make addi- 
tional studies on the riboflavin content of the meat produced. No data is 
available concerning the effect of varying intakes of riboflavin on the 
content of the beef. It seems generally agreed, however, that since the 
bovine possesses the ability to synthesize its own riboflavin, there should 
be no difference in the meat as reflected by various rates of intake. It is 
also true that there is a lack of information on the riboflavin content of 
beef. The few values which are reported are on only a limited number of 
cuts and organs. It should be pointed out that the values reported in the 
literature are for various cuts of beef. These cuts, however, consist of 
separate muscles which may vary rather widely in the riboflavin content. 
Work at this station has shown marked differences in the riboflavin content 
of various pork muscles as well as in the same muscle from different ear- 
cassses. It seemed desirable, therefore, to obtain information on the ribo- 
flavin content of the various beef muscles and organs and to study, in 
addition, how these values might be affected by feeding history and careass 
grade. 

EXPERIMENTAL PROCEDURES 

Animals used for this study consisted of 12 grade Hereford yearling 
steers and spayed heifers. The calves were dropped in the spring and ran 
with their dams until they were about eight months of age. They were 
then weaned and carried through their first winter, in so far as possible, 
on winter pasture. When this was not available, the calves were full-fed 
lespedeza hay and two pounds of coarsely ground barley per head daily 
in dry lot. Summer pasture consisted principally of lespedeza. On reach- 
ing an average weight of approximately 800 pounds the yearlings grading 
medium or better were divided as uniformly as possible with respect to 
age, type, condition, and weight into three lots. Each lot was then fed 
as follows: 

Lot 1—full-fed No. 2 (feed) barley; 
Lot 2—66% per cent as much grain as Lot 1; 
Lot 3—33% per cent as much grain as Lot 1. 


* Published with the approval of the director as Paper No. 183 of the Journal Series. 
* The authors wish to acknowledge the assistance of Miss Mary F. Gyles with the 
analytical work, and of Dr. R. E. Comstock with the statistical analysis of the data. 
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No. 2 lespedeza hay was fed ad lib. to all of the cattle. In addition, 
soybean oil meal was fed during the latter part of the feeding period to 
balance the rations. Four replicates, or a total of 12 cattle, were used in 
the riboflavin study. It was the intent to slaughter each group of three 
when the heaviest individual reached 1,000 pounds. This, however, was 
not possible in all cases. After slaughter, carcass grades and measure- 
ments were taken. Seven days later the cuts and muscles were removed 
from the ecareass for riboflavin determinations. A total of 20 different 
muscles were removed from the sixth and seventh prime ribs, chuck, 
round, and short loin. The names of the individual muscles are listed 
elsewhere in this paper. In addition, the tongue, spleen, liver, and heart 
were analyzed for riboflavin content (Table 4). 

The riboflavin determinations were made according to the fluorometric 
method described by Peterson, Brady, and Shaw (1943). This method is 
essentially that of Conner and Straub (1941) except that the adsorption 
and permanganate steps are omitted. 

As regards the statistical analysis the significance of differences was 
based on analysis of variance computed from data on each cut. 

RESULTS 
Essential data regarding the characteristics of the live animals and 


carcasses as well as the feeding data are shown (Table 1). 


TABLE 1 
Feed-Lot and Carcass Characteristics on Three Lots of Cattle 




























Lot 1 Lot 2 Lot 3 
Characteristics (Full-fed (662%4% (3314% 
grain) of Lot 1) of Lot 1) 
Average feeder grade”........... Nene Pee 12.5 13.0 15.5 
Average slaughter grade’... = 10.5 11.5 18.0 
RVSCRD CUI IIE isis cosicsesisccasecosenercascincsoiserinnsessecieen 10.5 12.0 17.5 
Average dressing per Cent (COId).......sssssserseeseeeeees 59.3 58.0 54.7 
Average weight of feeder (pounds)..............sceeseeeeeeees 640.0 660.0 625.0 
Average final weight (pounds)........... 942.0 907.0 770.0 
Average daily gain (pounds)........ a 1.47 1.21 0.71 
Average age at slaughter (days) 766.0 772.0 761.0 
Total feed consumed per ewt. gain (pounds)*: 
I Pe irnicaciss evceriviscevancscdcaiovsainpesemmesivaietsinvionsinns 680.0 572.0 486.0 
Soybean oil meal.. 29.1 24.8 21.1 
Lespedeza hay 524.0 939.0 1811.0 
Riboflavin intake (grams) : 
Wee GOGRT BOC WTI vrei ciccsessscscccecicceesccesessscsessecia 7.25 8.32 8.18 
Average daily 0.035 0.041 0.040 
Per ewt. gain 2.42 3.47 5.86 








1 Scores range from 1 to 36 with the smaller number representing the highest grade. 7? Scores 
range from 1 to 42 with the smaller number representing the highest grade. *The average ribo- 
flavin contents of the ground barley, soybean oil meal, and lespedeza hay were 2.76, 3.60, and 5.04 
micrograms per gram, respectively. 


That there are significant differences in the riboflavin content of the 
various muscles is indicated (Table 2); the trapezius thoracalis, for ex- 
ample, has 46 per cent more riboflavin than the longissimus dorsi in 
the prime rib. Similar differences may be observed between muscles of 
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TABLE 2 
Riboflavin Content of Fresh Beef Muscle’ 






















Wholesale cut Muscle Mean value sie ait? 

II IN <5: sciscaseseusconielawianaend aucune biduaiiasaicnliadeniaiei niianaunaiae 1.72 .23 
Longissimus dOrsi...........00.-ss0008 1.44 
RE sCRARIIS GOTT ooocececccescsvecescccoeses 1.51 
Rhomboideus thoracalis............. 1.81 
Trapezius thoracalis................0+. 2.10 

Iss scccscviccsetmneieencncnciatseasauesdl, <<enbetamanaidduernmmuctsbbeniauemateeseneieonioins 1.78 .28 
Triceps (lateral head)................ 1.92 
Triceps (long head) ool 1.71 
Biceps (brachii )...........ccccccssesees 1.91 
Coraco-brachiolis..............cc0cese 17 
Posterior deep pectoral.............. 1.73 
I in ncctesessterrercsorseccsoveteve 2.02 
Serratus thoracie........ccccescrceserese: 1.45 

II = iss xssncosasscuavctaalassoicandeiubaailal a aca Saed didi asbsadbnaibaeaaohiiaiand 1.63 29 
Vastus intermedius...................... 1.82 
gc ncccirescitsousececasounncvenise 1.69 
I Io vsiicesscocessorsesesiesins 1.78 
Semitendinosus.... 1.20 
Semimembranosu,............000ceeee2 1.63 

eMC CO CET eee ee nN ae Tee eee 1.84 23 
Longissimus dorsi................00000- 1.59 
I I asicsscsisesncsscncsesescescose 2.09 
Serratus Gorsalis..........cccccessesseess 1.30 
Longissimus costarum.. 1.93 
Transversus abdomeneg.............. 2.28 

















1 Micrograms of riboflavin per gram of lean tissue. * Between muscles within cuts at the five- 


per cent level. 


TABLE 3 
































Riboflavin Content of Meat From Three Levels of Grain Intake’ 
Cut of meat Lot 1 Lot 2 Lot 3 
seit ca daieasshiis er ciacatlag sop cebasedteapudcoonsemnircassanmeeeioemeloe’ 1.87 171 1.75 
SOME IID oo. -sishstonidsoissrcosunsenduantoncopiummeonaauacs veotegiaaiebiones 1.73 1.73 1.70 
Short loin.. sss 1.80 1.85 1.86 
es csirstcst2 teu cxdiiead hd aonbvacuiiniisdesbawentasaiacésenanliebacsacueliocs 1.61 1.55 1.72 
SC CTR LOE TEN 1.75 7 1.76 
1 Micrograms of riboflavin per gram of lean tissue. 
TABLE 4 
Average Riboflavin Content of Beef Organs’ 
MD soi scsirt vis oucuorcsswiiecacbonaraigtenaddainaseat wits Kedkedatabteaaiacidedapidiawmetinie 3.07 + 0.17 
Ne lararpecn aches oniirapd ac demsenterdderaacecncmipneresansductaevassteveerasmesiperinecreseseais 3.87 + 0.07 
SUNN sss su aressecsischco aaietecldetuciat dc nsscsiacemenionileienaoes casi iatibiapibeaminieataiciiees 10.66 + 0.11 





1 The riboflavin values listed in Table 4 were obtained from the organs of 12 cattle. Values aré 


given in micrograms of riboflavin per gram of fresh tissue. 
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the various other cuts. The riboflavin content of the muscles from the 
round was significantly lower than from the muscles of the prime rib - 
and short loin. 

No significant difference was found in the riboflavin content between 
the meat from any of the three lots (Table 3). It should be pointed out 
that the lean meat of the No. 1 lot contained considerably more fat than 
the No. 3 lot. 

DISCUSSION 

The data presented raise a number of questions which cannot be 
answered from the information available at this stage of the study. Of 
particular interest is the rather wide variation in the riboflavin content of 
the various beef muscles and yet the marked lack of variation from cut 
to cut. One can conclude that for the animals studied the riboflavin con- 
tent of beef muscle does not vary to any appreciable extent from cut to 
eut nor is it affected by the degree of fatness. Certainly there seems to 
be no indication of a correlation between certain palatability factors and 
the riboflavin content. It is evident that the riboflavin intake per hundred- 
weight of gain had no effect on the amount stored. Since the daily average 
intake was very nearly the same for all three lots, no relationship could 
be found here. 

From the data presented it may be suggested that in studies of the 
riboflavin content of meat, determinations should be made either on par- 
ticular muscles within a given cut, or all of the meat in a cut should be 
ground finely and mixed thoroughly enough so that analyses of aliquot 
samples reflect the true riboflavin value of the eut. 


SUMMARY 


The riboflavin content is given for 20 beef muscles and four organs 
from 12 eareasses of different grade and feeding history. 

Significant differences were found between the riboflavin content of 
various muscles within four different cuts of beef. In no case, however, 
were as wide differences shown between beef muscles as had previously 
been demonstrated in pork muscles. 

The average riboflavin content of the muscles which constitute beef 
cuts differed significantly in some cases; not at all in others. 

No relationship was found between the rate of riboflavin intake per 
hundredweight of gain and the amount deposited in the lean. 
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That thermophilic bacteria are widely distributed in nature is now a 
well-established fact. It is further known that certain food ingredients, 
such as sugar and starch, have been in the past a major source of the 
thermophiles causing spoilage in many types of canned goods. Speeial 
grades of starch and sugar are now being produced for the canning 
industry in which the thermophiles have either been eliminated or re- 
duced to negligible amounts. Many minor ingredients other than starch 
and sugar are added to processed foods, including water, fillers, emulsi- 
fiers, spices, flavorings and food colors. These materials are also a poten- 
tial source of thermophiles contaminating processed foods. This paper 
records the analysis of materials of this type for the presence of organisms 
which develop in media incubated at 55°C.(131°F.). The water samples 
consisted of specimens from private wells and dairy water supplies that 
have been sent into this laboratory during the year 1943 for examination 
for fitness for human consumption. The other ingredients were obtained 
direct from the manufacturers and in each instance they were supposed 
to be first-grade products. 

PROCEDURES 

The thermophilic aerobes were counted on plates poured with tryptone 
(1 per cent), dextrose (0.5 per cent), and agar (1.5 per cent). Approxi- 
mate counts of thermophilic Clostridia were obtained by making dilutions 
of the materials examined in corn-meal-liver mash by MeClung and MeCoy 
(1934), and grass medium, Castell (1941). With the water samples, dilu- 
tions were never made; each test represents a direct transfer of one milli- 
liter of water into the enrichment media. All other materials were prepared 
in aqueous dilutions from 1 to 1 in 1,000,000, and one-ml. transfers were 
made from each of these dilutions into the enrichment media. These were 
incubated at 55°C. from seven to 14 days. At the end of this period, eul- 
tures in which gas had been produced were steamed for six minutes to kill 
the vegetative cells and reinoculated into fresh enrichment media. They 
were then reincubated for at least 14 days at 55°C. The rapid evolution of 
gas and the presence of plectridial or clostridial forms during this second 
incubation period was considered indicative of the presence of anaerobes. 
In a few instances spores were not observed under the microscope, but 
they were considered to be present when the cultures remained alive 
through a series of steamings followed by transfers into fresh enrichment 
media. 

Where anaerobic growth occurred in one enrichment medium and not 
in the other, or in higher dilutions in one medium, the positive or higher 
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results were recorded. Previous tests by Castell (1941) have shown that 
the comparative value of these two enrichment media for initiating growth 
from small inocula of pure cultures varies greatly with the species used. 
For this reason it was considered that the highest counts in either medium 
gave a more accurate picture than one medium by itself or the average 
of both. All tests were made in duplicate. 


WATER 


Of 281 samples tested, it was found that 69 (24.5 per cent) contained 
thermophilic, sporeforming anaerobes and that 99 (35.2 per eent) con- 
tained thermophilic aerobes. Only six samples gave counts of more than 
100 aerobes per milliliter; the average of the remaining 93 samples con- 
taining these organisms was 3.5 colonies per milliliter. In some eases the 
rapid growth of spreaders made counting difficult, but these were too few 
to cause any significant error in the results. Two thermophilic molds (both 
Mueors) and 23 actinomycetes were also observed on the plates at 55°C. 

Of this first group of 281 water samples, 229 were also tested for 
pollution as indicated by the presence of Escherichia coli; 64 samples 
(27.9 per cent) were positive. Of these 64 polluted samples, 23 contained 
no thermophiles; 22 contained only thermophilic aerobes; eight contained 
only thermophilic sporeforming anaerobes; and 22 contained both types. 
A group of 169 water samples were tested for both thermophilic and meso- 
philie Clostridia by ineubating the enrichment media at 55 and 37°C.(131 
and 98.6°F.). The object was to observe the relative frequency of the two 
groups in water, and more especially to determine whether or not there 
was any association between the presence of the two groups. The results 
showed that 131 (77.5 per cent) contained Clostridia which developed at 
37°C., and 41 (24.2 per cent) which grew at 55°C. There was only one 
water sample from which Clostridia grew at 55°C. and not at 37°C. Re- 
peated microscopical examinations showed that 83 per cent of the samples 
producing anaerobic sporeformers at 37°C. contained some typical granu- 
lose-bearing clostridial types, suggestive of the butyric acid-forming group. 


FOOD COLORINGS 


Twenty-eight samples were analyzed. Five were liquid, cheese and 
butter colorings; these contained no thermophiles. A thick, syrupy, amber 
coloring had 57 thermophilic aerobes and between 10 and 100 thermophilic 
anaerobes per gram. Twenty-two samples were in powder form; of these, 
12 contained no thermophiles; seven contained no anaerobes and from one 
to 150 aerobes per gram; two contained between 10 and 100 anaerobes and 
between 10 and 200 aerobes; and one sample had between 10,000 and 
100,000 anaerobes and 65,000 aerobes per gram. This would indicate that 
only one sample, a powdered orange coloring, had significant amounts of 
thermophiles present. 

FOOD FLAVORINGS 

Only eight samples were tested. Seven were liquid and these contained 
no thermophiles. A powdered chocolate flavoring contained between 1,000 
and 10,000 anaerobes and 3,200 aerobes per gram. 
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SPICES 


Thermophilic counts for 20 samples of spices (Table 1) show that as a 
group these materials are much more seriously contaminated with thermo- 
philes than either the food colorings or food flavorings. In the lower 
dilutions it was observed that a few of the spices had an inhibiting action 
on the growth of the bacteria. This was particularly noticeable with cloves 
in the anaerobic cultures and cassia in the aerobic thermophiles. However, 
the dilutions in which this inhibiting action was observed were too low 
for it to have any practical application in checking the growth of thermo- 
philie anaerobes in foods. 


















































TABLE 1 
Thermophiles in Spices 
Material Aerobes yp tees oe 
ME EID Te cevcscccsovestnsesesstcsecccsovcatevnsisecoveseesien 7,800,000 1,000,000 
NN II 5c sa saeauceondesibovuniaeiundenseeciededseubewesetin 6,600,000 1,000 
GEOURE BUSH G CUPIIOTIC.oscccccccisccceccccesescoossccsccsescessonesees 3.800.000 1,000 
GEOUIE TOTURRONS WRITER ccccsesisscessvsccevossscesscsetsoveveserses 800,000 1,000,000 
Fe I as vvcssncsiaeiecssvsscesesensaccscasssossossssies 700,000 10 
Ground black pepper epcnsecinn 600,000 1,000 
GOUNA GRVOTY..00<<.000cccscceee sdipasdaaiebiaiataiabasbiiitnsisuseopientian 320,000 1,000 
IIE 2-1 cost conrosshiseiiuentenlssinesscieite vomucuecousunevuneneel 300,000 10 
RI HR sscansiscecsascscconsncenndnneversohiueniabsiebuvessiienieeatebinsced 40,000 100 
NE II iccicsssscackininavtibscseusniianisperinnibn wanvaiebesanicenviod 32,000 1,000 
RIE CIN ccinssnsivecosscinecssocseensosees hgosaavasueunieavasteieesend 16,000 100,000 
I I arcsec casa ppaccenieneaetabaenvonievenensovsiees 5,000 10 
CID BE ocicscsescesconsecceives ppc piceees coe aiaaeaeincatnonaat 1,000 10 
oss sila we soidecracencdsodaunsbabusmmcinninddennesiabs 350 10,000 
IN NOI eva:scousassvonscscorssstvsuusniuesercaieesissenecsesbocsceneess 130 10 
I I 555s osicsssstsuscsouscovensersepecextocoressinceseed 30 1 
Pork sausage seasoning 10 1 
Coumarin 7 0 
Vanillin powder aa 0 0 
i CAAT TED, ?* 1,000,000 











1 Plate counts per gram. ? Dilution counts in enrichment media. * Counting was made difficult 
because of the inhibiting action of the spice on the development of colonies 


CEREAL PRODUCTS, FILLERS, ETC. 

The counts for this group are given (Table 2); the unprocessed corn 
flour, the untreated soya flour, and the low-grade wheat flour were added 
for comparison with the first-grade and processed products. 

Most of the aerobic thermophiles with this group were sporeformers. 
An incidental experiment with the untreated soya flour gives some idea 
of the heat resistance of the organisms in one of these highly contaminated 
products. A mixture was made of the soya flour (five per cent), sterile 
calcium carbonate (two per cent), sterile agar (two per cent), and sterile 
water. This was prepared in 156 20-ml. lots in small, sterile, serew-capped 
bottles. They were all placed in flowing steam and six were removed 
after 5, 10, 15, and 20 minutes, and then every 10 minutes for the first 
hour and at half-hour intervals for 10 hours. As soon as the bottles were 
taken from the steamer, three were placed at 37°C. and three at 55°C. 
The flour itself acted as an enrichment medium. In every single bottle 
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TABLE 2 


Thermophiles in Cereal Products, Emulsifiers, Fillers, Etc. 
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Material Aerobes ! a —— rd 
TEN GU TR oars ssesicesstnccsscnnessivieescionesasiensinines 12,500,000 10 
Ne Be caiiaticivinctinintsiaainsniiccivicsmaniacvihcaindaianeieacind 4,800,000 1,000,000 
See I icsicicicecthocapakscvatseaeemacenstncestuseiiniiainaalouniovie 3,000,000 100,000 
RIO WIR Ti a ccaovssciiveccccscisesesprseteicsacnicinsncsexiscceres 2,100,000 100,000 
a aiecsantaransensteaswecincencatiessnicoencalndeiiiaieatiiniaiguacibaniidacipuieniinblaiadaie 37,000 100 
iti stcenciainvintienpaciahinsipiinntantiiainiiaiaeiel 21,500 10 
Ch ctenistid cai citer acaeciacainniestaseeneennenbnccionnpitinimeseniainee 14,500 100 
SOS TI Ci isiissaviseicsvecntsicninascmainscivransarinnsniaee 13,000 100 
I SN iatenibnsicnseptinerninebisausenipsotiadsnanaleneiiceeieianbiaie 7,000 10 
PI: Ba icicsscientonniviiccnseneesints IEC LOE ST 7,000 0 
PE i racacitncsieerccemavonsinnsininncis 6,000 10 
RE Sn iciscnscnescecsreesscoccccunssssssacesimnipnicny 5,200 10 
FN vcisiviciosvceseccsence 4,000 10 
Processed corn flour 1,000 10 
RD is occcictascvininintienssaces 800 10 
E:T icissisccsicccnsencunssenieicnpiivdiioniaiaien iienenieaeeipiniions 630 10 
DO iv ircitivesecctiincsitscitiomannitcniinnints Pabpaainnnitahen 480 10 
Fe “sscveisinaacsvusinerseneaciiioed niddeiieaicichaupsdiiiaaateiieiiiiy 450 10 
COrmsta PGR ....ccccceseesess sciesesbcalastsbeciemdsaclsenialslesipeionioisided 350 10 
RNID vs ces uiensesectanin ibcaaiaceonaeeibiaatsininieshaiiddevuadiaiinanaeestoaaaaed 180 100 
NE Pi icinarsbctcasuiensestistiuntcinetisecichnitiemidniaenaieneimnueuens 80 10 
I Tics ci secsscaccesiettacnsaepiniinccecnsenintinsivemansint 80 0 
I IN cansiastianceentininecapsictidnisetinintaiiaceaibieniidtiiniaiaanineieniiael 80 10 
Cornstarch.......... 25 10 
Ee I insntcsesuicrepihciciaetcninnseinisdeniieebetenminasintecinied 0 0 
Emulsifier 0 0 
Potato flour 0 0 
I CI aa iasissicccicstincttcscminaannminmncionel 0 1 
CaN SUGAT...0.0sec000 hsmvninabeontniseasnieseneuvaieebamniienineiiile 0 10 
Cane Sugart.......ccc siiosbiiisihibniiidigpiniceininiceaniiainandel dincpinnaiebmisiad 0 0 











1 Plate counts per gram. ? Dilution counts in enrichment media. 


TABLE 3 


Thermophiles in Dairy Products and Miscellaneous Materials 


























Material Aerobes * ey 
Spray whole milk powder... 8,000,000 10 
Powdered skim milk............. a 210,000 100,000 
I iainisacsas ci caters vecene secindaniepesesseteaiciabaiaipeaindeebanerehinenseien 11,000 100 
Powdered milk............ ie cuiedidiniiaabrciibheeasiiabanmiansianiieenl 3,000 10 
Cheddar cheese...... saiaias paisiislipeiiebniepnetinbtnleniiubeinibadiiias 2,700 0 
CN I ihoiscsescscincitnincesmsercoteentienneremivintencnneciansl 2,200 0 
Pre I CI iinet cincsnrnicianisbecapveevencntseabevanarincenied 2,000 10 
NE SI iii csistisiniichcnchdanniniecinicasinnisenipabacabinnanniaisebaetes 1,060 1 
PU We I oi cccsnictcsessssctenieconssessvnee 780 10 
Partly skim-milk powder 480 0 
Annato seed........ ieiasabbesad ittnhcnaseihiaionliinietnmdenieiiel 265 100 
II SI iavciitcctscenicctescnsccnsiceisiesniinceminininnnnseds 160 10 
SN Ny cicacseccsiesetinninvicesesnennmininntinncsenicenniasi 0 0 
Salad oil “ selects anitiehiamiipainiammanieniieieniia 0 0 














1 Plate counts per gram. ? Dilution counts in enrichment media. 
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the development of surface growth or a heavy pellicle showed the pres- 
ence of both mesophilic and thermophilic aerobic sporeformers. Tests for 
Clostridia showed that both mesophilic and thermophilic types were pres- 
ent in most of the bottles that had been heated up to 50 minutes. Meso- 
philie Clostridia were also obtained from two bottles that had been steamed 
for four and four and one-half hours, respectively. 


ADDITIONAL FOODS AND DAIRY PRODUCTS 


A number of materials not included in the preceding categories, but 
which might also find their way into canned foods, were also tested 
(Table 3). 


SUMMARY AND CONCLUSIONS 


Four hundred and fifty water samples were tested for the presence of 
thermophilic bacteria. Aerobic types, usually in very small numbers, were 
found present in approximately 35 per cent; sporeforming anaerobes were 
present in approximately 25 per cent. 

In the analysis of 169 samples it was found that mesophilic Clostridia 
were more than three times as prevalent as the thermophilic Clostridia. 
In only one instance did a water sample contain thermophilic Clostridia 
without also containing Clostridia which developed at 37°C. 

Aerobie thermophiles were present in 68.6 per cent of 64 polluted water 
samples; 46 per cent of this same group contained thermophilic Clostridia ; 
22 polluted samples (34.3 per cent) contained no thermophiles. 

One hundred food produets or ingredients used in food products were 
also examined for thermophiles. Spices, unprocessed cereal products, food 
stabilizers. and certain of the powdered dairy products contained relatively 
large numbers of both aerobic and anaerobic organisms. They were present 
in very small numbers or entirely absent from most food colorings, flavor- 
ings and specially processed sugars, and cereal products. 
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The present report deals with the determination of carotene, thiamin, 
riboflavin, and ascorbie acid in certain tropical and subtropical fruits. 
These studies include guavas, papayas, and mangoes obtained from the 
Florida Subtropical Experiment Station.’ Lemons, oranges, and grape- 
fruit were purchased on the local market. Canned orange juice, grape- 
fruit juice, vegetable juice cocktails, tomato juice, and apricot nectar 
were also purchased on the open market. Nectars of guava, mango, 
tamarind, banana, quenepa, papaya, and soursap and pineapple juice 
were prepared by the Division of Investigation and Development of the 
Department of Agriculture of Puerto Rico or by Puerto Rican commercial 
coneerns. 

EXPERIMENTAL PROCEDURE 

Chemical methods were employed for vitamin assay. Carotene was 
determined by extraction of the pigments with petroleum ether after 
saponification with 10-per cent alcoholic NaOH, chromatographic separa- 
tion of pigments in the petroleum ether extract by means of a dicaleium 
phosphate column, and measuring the carotene against pure 8 carotene as 
a reference standard in a Cenco-Sheard spectrophotelometer. 

Thiamin was determined by the thiochrome method of Hennessy and 
Cerecedo (1939), using the Pfaltz and Bauer fluorometer. Riboflavin was 
also measured filuorometrically according to the method of Conner and 
Straub (1941). Ascorbic acid was estimated by direct titration with 
2,6-dichlorobenzeneoneindophenol as originated by Tillmans and modified 
by Bessey and King (1933), exeept that extraction was performed in a 
Waring blender with trichloroacetic and metaphosphorie acids. 

A summary of results * obtained on four tropical fruits and pineapple 
juice for carotene, thiamin, riboflavin, and ascorbie acid is given (Table 1) ; 
the data obtained on the asecorbie acid content of nectars and juices is 
shown (Table 2). 

DISCUSSION 

Owing to war conditions it was impossible to study varieties, stages of 

ripeness, ete., as originally planned. The mangoes were all of the Haden 


We wish to acknowledge the helpful co-operation of Dr. G. D. Ruehle who furnished 
some of the subtropical fruits used in these studies, 


*Sinece the above data were submitted for publication the following subtropical 
fruits were received from Dr. Philip J. Westgate of the Subtropical Experiment Sta- 
tion, Homestead, Florida, and were found to contain the following amounts of ascorbic 
acid: (1) carambola, 35.3 milligrams per 100 grams fresh fruit; (2) ecarissa, 6.48 milli- 
grams per 100 grams fresh fruit; (3) loquats (overripe), 3.96 milligrams per 100 grams 
fresh fruit. 
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TABLE 1 


Vitamin Content of Some Tropical Fruits 





































































Fruits ye mag Carotene | Thiamin | Riboflavin — 
mg. mg. mg./ mg./ 
100 gm 100 gm 100 gm. 100 gm. 
Papaya No. eS oe ae ee 43 
Papaya No. Fairly ripe .903 .042 .050 29 
Papaya No. Fairly ripe -790 .042 .038 32 
Papaya No. Ripe .990 .045 .038 63 
Papaya No. Somewhat green .713 .039 052 40 
Guava No. 1 Ripe and hard .307 .042 027 246 
Guava No. 2.... Overripe, soft 430 .039 .032 190 
Guava No. 3... Ripe and hard 025 .045 .017 296 
Guava No. 4 Overripe, soft .014 .042 027 196 
NR TRG, Bia siccnscsncvcscnssosocones Ripe 109 137 .028 35 
PRG INO. Bionccessvessororeonczviceces Ripe 118 105 .034 40 
IE TIE Besccscecscerseccevsoseneens Ripe 127 17 .024 44 
p eh Cepneemnnmnernrer er Ripe 506 .060 .073 17 
NE Ue cicecsvossiarneveseocesacvie Ripe 505 .063 .037 15 
DRI TOO. Die svecinceicssssiceceicesses Ripe 527 .057 .050 17 
Pineapple juice No. 1............. From cull fruits .023 051 .017 21 
Pineapple juice No. 2............. From cull fruits .026 .051 .023 21 
TABLE 2 
Ascorbic Acid Content of Various Nectars and Juices as Determined 
by Dye-Titration Method 
Ascorbic 
. a acid 
Sample of material Description (vitamin 
mg./ 
100 ml. 
II OR sscscccscacicsieniserncstarntnctaioenaseciovenid Canned from cull pineapples 
in Puerto Rico (1941) 22 
ee IN as cssiskc isncsoctsteecceensceossvecconcsavcurniioed Canned (Puerto Rico, 1941) 16 
Guava nectar Canned (Puerto Rico, 1941) 51 
Tamarind nectar Canned (Puerto Rico, 1941) 5 
DEG TG sic cssiscsccssisssscccvecices Canned (Puerto Rico, 1941) 20 
IG II js css sieesuiaindincdcsuuisatndecdmerccibectaad Canned (Puerto Rico, 1941) 3 
I II iss ciccssccansdten onassiekgcaubutsieionasiese Canned (Puerto Rico, 1941) 11 
RNR NINN os cs scscscainsovnecstctecnncesteeeonieenonsil Canned (Puerto Rico, 1941) 2 
Grapefruit juice. Canned (local market) 44 
ER sincseiininicnciscsnsincnicerntenenizmemmets Canned (local market) 40 
III III 6 skis ceuetadaveencnaabiaveneniveamansentie Canned (local market) 22 
Vegetable juice cocktail No. 1 Canned (local market) 7 
Vegetable juice cocktail No. 2...........cccceeeneee —. Canned (local market) 10 
Apricot nectar iuiiapatcniabaeaaipa cone Canned (local market) 3 
Lemon juice Fresh (local fruit market) 36 
Orange juice Fresh (local fruit market) 53 
Grapefruit juice.... Fresh (local fruit market) 39 
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variety and were at practically the same stage of ripeness. Consequently, 
no marked differences are noted in vitamin content. The pineapple juices 
were known to be made from culls which had ripened in the Puerto Rican 
warehouse and are probably not comparable with high-grade pineapple 
juice. 

The carotene content of papayas tends to increase with ripening. There 
was no uniformity in the carotene content of guavas, of which there were 
two varieties, and regarding which no information was available. One 
variety of guava is represented by Samples 1 and 2 and the other by 
Samples 3 and 4 (Table 1). Apparently, the ascorbic acid content of 
guavas tends to decrease as they become overripe. It would appear that 
this fruit is an excellent source of ascorbic acid, being superior to oranges 
in this respect. 


SUMMARY 


The carotene, thiamin, riboflavin, and ascorbic acid content of papayas, 
guavas, Mangoes, oranges, and commercially canned pineapple juice have 
been determined by chemical methods. The ascorbic acid content of a 
number of fruit juices and fruit nectars have also been studied. The 
limited data seem to indicate that papayas are an excellent source of 
carotene and a good source of ascorbic acid but are less rich in thiamin 
and riboflavin than the other fruits. 

Guavas are excellent sources of ascorbie acid while carotene seems to 
be the principal factor contributed by the mango. Guava nectar compares 
very favorably with orange juice and lemon juice as a source of ascorbic 
acid. 
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Lettuce, one of our principal vegetable crops, is extensively grown 
practically throughout the United States by both commercial and home 
gardeners. In some parts of the United States it is a year-round erop 
and in the Massachusetts locality it is one of the principal winter green- 
house vegetable crops. Accordingly one may purchase lettuce in the retail 
markets practically all through the year. It is relished by nearly everyone 
and is extensively used as a component of salads. Consequently it is not 
surprising that the value of a year’s lettuce crop in the United States has 
been estimated by the U. 8S. Department of Agriculture (1942) to be about 
$40,000,000. 

For many years it has been classed as a protective food since it con- 
tains minerals and vitamins which are not present in adequate amounts in 
earbohydrate-rich and fat-rich foods. While meat and dairy products are 
also rich sources of minerals and vitamins, they are much more expensive 
and at the present time they can be purchased in only limited amounts. 
Hence, it is important to evaluate carefully the extent to which lettuce 
may be relied upon as a protective food. A survey of the literature,- how- 
ever, did not reveal as complete information concerning the mineral and 
vitamin content of lettuce as desired. 

Commercial and practical gardeners are of the opinion that frequently 
the quality and yield of lettuce can be enhanced by supplementing the 
usual lettuce fertilizers with lime or lime and magnesium. For several 
years the Agronomy Department has been collecting data on this point, 
and it has studies in progress to determine the economic value of using 
lime and magnesium as supplementary fertilizers for lettuce. Accordingly 
it seemed desirable to determine whether the mineral and vitamin content 
of lettuce is significantly influenced by the use of these supplementary 
fertilizers. 

EXPERIMENTAL PROCEDURE 

A study has been made of the composition of Boston head lettuce 
produced on four plots of land that received different fertilizer treat- 
ments. During the years 1938 to 1942, inclusive, the four experimental 
plots received a home-mixed 5-8-7 fertilizer at the rate of 2,000 pounds 
per acre. The ingredients were sodium nitrate (16 per cent nitrogen), 
ammonium sulfate (20 per cent nitrogen), potassium chloride (60 per 
cent potassium oxide), and ammonium phosphate. These ingredients were 
mixed in such proportions that one-third of the nitrogen was obtained 
from each of the nitrogen-containing ingredients. Because of war restric- 


* Contribution No. 509 from the Massachusetts Agricultural Experiment Station. 
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tions it was impossible to. follow this program during the 1943 season. 
Accordingly a commercial 4-9-7 fertilizer was used on all four plots 
(A, B, C, D) at the rate of one ton per acre. For approximately 20 years 
these plots annually received additional magnesium or calcium as follows: 

Plot A—control plot; 

Plot B—magnesium sulfate at the rate of 150 lb. an acre; 

Plot C—magnesium sulfate at the rate of 150 lb. and limestone 

at the rate of 1,000 lb. an acre; 
Plot D—limestone at the rate of 1,000 lb. an acre. 
The mineral and vitamin values of the lettuce grown on these four 

experimental plots were judged by the amount of carotene, riboflavin, eal- 
cium, iron, magnesium, and phosphorus that it contained. 


ASSAY PROCEDURES 

The Boston head lettuce used in this study was produced from seed 
that was sown in the greenhouse April first. On May first the plants were 
transferred to the four experimental plots described above. Two months 
later, when the lettuce had grown to the market or harvesting stage, 
typical mature heads were selected for assay. At this time good, firm, 
well-developed heads were picked from each of the four plots on four 
different dates, i.e., June 30 and July 5, 8, and 12. The lettuce was 
promptly taken to the laboratory and all the outer leaves were removed 
and disearded. An attempt was made to remove as many leaves as would 
have been discarded by the grower, wholesaler, retail grocer, and the 
housewife. The leaves that were discarded represented quite a portion of 
the total volume of the lettuce heads as they were taken from the field 
but it was desired to retain for assay only that portion of the lettuce 
heads which would normally be used for food. After the outer leaves 
were removed, the lettuce heads were of a light green color similar to the 
usual market head lettuce. The remaining leaves were separated from 
each other and immediately cut into very fine particles with shears. The 
finely cut material was then separated into aliquots for the various assays, _ 
the appropriate liquids were added, and the lettuce was further disin- 
tegrated with a Waring blender. In general the samples for the assay 
procedures were prepared and weighed within one hour from the time the 
lettuee was pulled from the ground. 

The water, carotene, riboflavin, calcium, iron, magnesium, and phos- 
phorus contents of the lettuce were determined by recognized assay pro- 
cedures. The carotene was determined by a rapid chromatographic method 
deseribed by Wall and Kelley (1948), and the fluorometric method de- 
seribed in detail by Holmes (1944) was used for riboflavin. Calcium was 
determined by the oxalate method, iron by the colorimetric method, mag- 
nesium by the magnesium pyrophosphate method, and phosphorus by the 
volumetric method, all of which are official methods of the Association of 
Official Agricultural Chemists (1940). 


RESULTS 


The results of the assays of lettuce selected from the four experimental 
plots on four different dates (Table 1) reveal that the water content of 
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lettuce from the different plots did not vary greatly and averaged approxi- 
mately 95 per cent. The values reported (Table 1) for carotene, riboflavin, 
calcium, iron, magnesium, and phosphorus are computed on the fresh basis. 
For the sake of convenience, these data will be discussed under separate 
headings. 

















TABLE 1 
Influence of Calcium and Magnesium Upon Composition of Boston Head Lettuce? 
Source Water Carotene } se Calcium Tron — band 
pet. 

I i viiceveccnsservtcens 94.7 2.7 10 29.6 2.6 15.6 23.8 
(oe 95.6 3.4 .09 24.6 1.9 17.4 21.2 
Wo avbcteoreatcariest 96.2 2.8 08 22:1 1.5 14.6 21.7 
ivscsteinicnscenes 96.4 5.0 .08 25.9 2.0 9.4 20.8 
Thi sasovisincscveioees 94.0 3.0 .06 27.3 2.4 15.3 26.6 
|. nen eee 95.0 2.4 .06 18.5 2.0 14.7 22.9 
ee 95.4 3.4 .07 23.9 1.5 12.4 22.9 
Diianasssinceces 96.1 1.0 .07 20,3 1.1 72 | 19.8 

| 
93.6 2.6 .07 35.0 4.4 14.3 | 25.0 
94.3 3.4 07 22.0 1.8 16.4 | 23.3 
95.3 1.3 .07 21.9 1.9 13.1 | 26.1 
95.0 2.3 .06 26.3 1.8 10.6 | 26.9 
Raccncnnwen 94.7 3.2 .09 22.1 2.5 12.8 23.9 
95.3 2.8 10 28.1 2.2 18.0 20.7 
96.0 2.0 .09 18.6 1.8 10.9 23.6 
96.3 2.0 .08 17.5 pe i 8.4 22.6 
94.3 2.9 .08 28.5 3.0 14.5 24.8 
95.1 3.0 07 23.3 2.0 16.6 22.0 
95.7 2.4 .08 21.6 1.7 12.8 23.8 
95.9 2.6 .09 22.5 1.7 8.9 22.5 





























1Given in milligrams per 100 grams, fresh basis. 


Carotene: The carotene content of the lettuce varied from plot to plot 
on each of the different harvesting dates. However, the average values 
obtained for the carotene content of the lettuce were fairly uniform, being 
2.9 mg. per 100 grams for Plot A, 3.0 mg. for Plot B, 2.4 mg. for Plot C, 
and 2.6 mg. for Plot D. It is probable that these carotene values are 
lower than would have been obtained if the outside green leaves, which 
are normally discarded during the marketing of head lettuce, had been 
included in the sample. Unfortunately the literature contains few reports 
of the carotene content of lettuce. 

Oleovich and Mattill (1930) obtained 250 milligrams of carotene from 
150 kilograms of lettuce. Euler, Demole, Karrer, and Walker (1930) 
found that the vitamin A activity of the ether extract of lettuce was 
proportional to the carotene content of the lettuce. Steenbock and Sell 
(1922) reported that green cabbage leaves are richer in the fat-soluble 
vitamin and contain ten times as much yellow pigment as the white leaves. 
Dye, Medlock, and Crist (1927) stated the outside leaves of head lettuce 
are far superior to the inside leaves as a source of vitamin A, and while 
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there is no proven identity of chlorophyll or any of its primary phases 
with vitamin “A, there is a probability of close relationship between the 
two. Kramer, Boem, and Williams (1929) found the dark green outside 
leaves of California head lettuce contained 30 or more times as much 
vitamin A as equal weights of the white center leaves from the same heads. 

Riboflavin: The riboflavin content of the lettuce varied from plot to 
plot for each of the four different dates on which it was harvested. How- 
ever, the variations were not large and the average values for the different 
plots were in good agreement, being 0.08 mg. for Plot A, 0.07 mg. for 
Plot B, 0.08 mg. for Plot C, and 0.09 mg. of riboflavin per 100 grams for 
Plot D. Also it may be noted that these values are within the range of 
those found in the literature. Wilson and Roy (1938) report that lettuce 
grown in India contained 116 micrograms of riboflavin per 100 grams. 
Hodson (1940) found 0.48 microgram of riboflavin per gram for head 
lettuee, 0.96 for stemmy lettuce, and 0.71 for leaf lettuce. Poe and Hart- 
man (1940) coneluded from feeding Colorado head lettuce to rats that 
both the outer and inner leaves contained 55 te 67 Sherman units of ribo- 
flavin per 100 grams. Cheldelin and Williams (1942) found the riboflavin 
content of lettuce to be 27 micrograms per 100 grams. Munsell (1942) 
studied lettuce by the rat-growth method and concluded that it contained 
less than 0.25 microgram of riboflavin per gram. 

Calctum: The amount of calcium found in the lettuce varied with the 
plot on which it was grown and with the different dates of harvesting but 
the time element involved in the harvesting dates is not significant. Con- 
sequently interest is centered upon the average values obtained for the 
different plots. These were 28.5 mg. of calcium per 100 grams of lettuce 
for Plot A, 23.3 mg. for Plot B, 21.6 mg. for Plot C, and 22.5 mg. for 
Plot D. These values are in agreement with those reported by a number 
of investigators. 

Crist (1925) stated that Michigan lettuce contained from 0.61 to 1.62 
per cent of calcium. In their assay of Arizona lettuce, McGeorge, Wharton, 
and Frazier (1940) obtained 0.9 per cent calcium; and Zimmerley (1930) 
found from 0.94 to 1.28 per cent of calcium in Virginia lettuce. Kohman 
(1939) obtained 0.073 per cent of calcium, and Davidson and LeClere 
(1936) found from 0.33 to 0.45 per cent of calcium in lettuce, with marked 
variation in plants from different localities. Yeh and Adolph (1938) 
reported that lettuce grown in China contained 0.066 per cent of calcium. 
Mallon and Urey (1941) found that the calcium content of California 
Ieeberg lettuce varied from 0.019 to 0.033 per cent for the inner leaves 
and from 0.089 to 0.111 per cent for the outer leaves and that the calcium 
content of New York Imperial lettuce varied from 0.113 to 0.196 per cent 
for the outer leaves and from 0.030 to 0.031 per cent for the inner leaves. 
In their study the outer leaves represented one-third of the entire weight 
of the plant. The U. S. Department of Agriculture (1938) reported that 
the very green lettuce leaves are richer in calcium. 

In experiments with two healthy young women, Mallon, Johnson, and 
Darby (1933) found that the utilization of caleium of the fresh green 
leafy lettuce, which furnished 98 per cent of the total calcium content of . 
the diet, was superior to that of caleium in pasteurized whole milk when 
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these foods were consumed on an approximately equal calcium basis. In 
later experiments Shields, Fairbanks, Berryman, and Mitchell (1940) 
found that the calcium of lettuce was 80 per cent as available as the 
ealeium of milk. Since Outhouse, Breiter, Rutherford, Dwight, Mills, and 
Armstrong (1941) have reported that the calcium in milk is 24 per cent 
utilized by the human body, these data indicate that when one consumes 
lettuce as a part of a normal mixed diet nearly 20 per cent of the calcium 
supplied by the lettuce can be utilized by the body. Hence the body would 
obtain about five milligrams of calcium from 100 grams of the lettuce 
under discussion. 

Iron: Iron varied from a minimum of 1.1 milligrams per 100 grams 
of lettuce for Plot D at the second harvesting to a maximum of 4.4 milli- 
grams for Plot A at the third harvesting. The average amounts of iron 
found in the lettuce on the four harvesting dates were 3.0 mg. per 100 
grams of lettuce for Plot A, 2.0 mg. for Plot B, and 1.7 mg. for Plots C 
and D. These data seem to indicate that the addition of the supplementary 
magnesium and calcium salts to the soil of Plots B, C, and D tended 
to decrease the iron content of the lettuce. However, it is interesting to 
compare these results with those reported by other investigators. 

In a study of the iron content of foods used in a municipal hospital, 
Toseani and Reznikoff (1934) found the iron content of heart lettuce to be 
0.50 mg. and of leaf lettuce, 1.04 mg. per 100 grams. The former value 
was substantiated by Chatfield and Keiles (1941), who reported that the 
iron content of fresh head (bleached) lettuce was 0.5 mg. per 100 grams. 
Remington and Shiver (1930) coneluded that lettuce (dry basis) ecor- 
tained 2,110 p.p.m. of iron. Levine, Culp, and Anderson (1932) found 
lettuce contained 0.237 mg. of iron per 100 grams but the iron content 
varied considerably with localities. Peterson and Elvehjem (1928) re- 
ported that head lettuce contains 0.00042 per cent and leaf lettuce 0.00187 
per cent of iron. 

In their study of ionizable iron in foods, Shackleton and Chance (1936) 
found that lettuce contained 0.80 mg. of iron per 100 grams and that 63 
per cent of it was ionizable. Kohler, Elvehjem, and Hart (1936) found 
that 21 to 28 per cent of iron in lettuce was available. Aschman, Speirs. 
and Maddox (1938) concluded from their studies of the availability of 
iron in foods that dried leaf lettuce contained 0.245 mg. of iron per gram 
but that only 60 per cent of the iron was ionizable. Sheets (1936-37) found 
in studies of experimental anemia in rats that a large proportion of the 
iron in unashed, green, leafy vegetables, such as lettuce, was not utilized. 

A number of investigators have studied the value of lettuce as a source 
of iron for treating nutritional anemia. Hart, Elvehjem, Waddell, and 
Herrin (1927) reported that nutritional anemia can be corrected by the 
ash of lettuce but some additional factor affecting the utilization of iron 
becomes operative. Aschman, Speirs, and Maddox (1938) studied the 
availability of iron in various foods and found that lettuce contained 
sufficient available iron to produce 4.7 grams (head lettuce) and 4.0 grams 
(leaf lettuce) gain in hemoglobin per 100 ¢.c. of blood. Levine, Culp, and 
Anderson (1932) found that when rats with nutritional anemia were fed 
sufficient lettuce to supply two mg. of iron daily a regeneration of blood 
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was brought about in six to seven weeks, but when lettuce was supple- 
mented with tomatoes, regeneration took place in four to five weeks owing 
to the copper in tomatoes. 

Magnesium: The magnesium content of lettuce from the different ex- 
perimental plots varied over wide limits, but at each harvesting period 
there was a definite relation between the magnesium contents of the lettuce 
from the different plots. Of three of the four harvesting dates the lettuce 
from Plot B, which received supplementary magnesium sulfate at the rate 
of 150 pounds per acre, contained more magnesium than the lettuce from 
Plot A, which received no magnesium sulfate. In each instance the lettuce 
from Plot C, which received the extra magnesium sulfate as well as lime 
at the rate of 1,000 pounds per acre, contained less magnesium than the 
lettuce from Plots A or B. In all eases the lettuce from Plot D, which 
received 1,000 pounds of lime per acre, contained much less magnesium 
than the lettuce from any of the other plots. The average values were 
14.5 mg. of magnesium per 100 grams of lettuce for Plot A, 16.6 mg. 
for Plot B, 12.8 mg. for Plot C, and 8.9 mg. for Plot D. These data 
indicate that supplementary lime fertilization may reduce the magnesium 
content of lettuce. Unfortunately the literature consulted did not contain 
any data concerning the effect of supplementary magnesium and calcium 
fertilization upon the magnesium content of lettuce. In fact, relatively 
few data concerning the magnesium content of lettuce were found in the 
literature consulted. Davidson and LeClere (1936) stated lettuce con- 
tained from 0.19 to 0.27 per cent of magnesium but the amount varied 
widely depending upon the locality in which the lettuce grew. McGeorge, 
Wharton, and Frazier (1940) studied the mineral content of lettuce grown 
at different localities in Arizona. In three localities they found that the 
magnesium content of lettuce (dry basis) varied from 0.32 to 0.57 per 
eent, from 0.07 to 0.54 per cent, and from 0.16 to 0.65 per cent. The 
average values for these three localities were 0.43, 0.30, and 0.38 per cent. 

Phosphorus: The phosphorus content of the lettuce was similar for the 
four experimental plots. At three of the four harvest periods the phos- 
phorus content of the lettuce from Plot A (control) was greater than for 
the lettuce from the other three plots. The average values were 24.8 mg. 
of phosphorus per 100 grams of lettuce for Plot A, 22.0 mg. for Plot B, 
23.8 mg. for Plot C, and 22.5 mg. for Plot D. It is evident from these 
values that the average amount of phosphorus present in the lettuce did 
not vary widely. Accordingly, there was no evidence that the supple- 
mentary magnesium and calcium fertilizers materially affected the phos- 
phorus content of lettuce, although the phosphorus content of the lettuce 
tended to decrease with the increase in the amount of calcium in the 
fertilizer. This is in agreement with the conclusions of Bender and Eisen- 
menger (1941) who concluded from studies of the intake of calcium, 
magnesuim, nitrogen, phosphorus, and potassium by ecalciphilie and ealci- 
phobie plants that the intake of phosphorus decreased with the addition 
of calcium. The literature consulted contained no reports of the effect 
of varying the magnesium and calcium contents of fertilizers upon the 
phosphorus content of lettuce. However, it is interesting to compare the 
results obtained in this study with those reported from other investigations. 
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In his study of the influence of acidity and liming on the growth and 
chemical composition of lettuce, Crist (1925) found from 0.22 to 0.86 
per cent of phosphorus in Michigan lettuce depending upon the fertiliza- 
tion. Zimmerley (1930) concluded from an extensive study of the effects 
of heavy applications of phosphorus on the growth and composition of 
lettuce that Virginia lettuce contained from 0.14 to 0.42 per cent of 
phosphorus. Davidson and LeClere (1936) determined the variation of 
mineral content -of vegetables and found from 0.59 to 0.98 per cent of 
phosphorus in different samples of lettuce. McGeorge, Wharton, and 
Frazier (1940) found approximately 0.5 per cent of phosphorus in lettuce 
grown in Arizona. This value was also reported by Chatfield and Keiles 
(1941) for fresh head (bleached) lettuce. 

Hydrogen Ion: Commercial and home gardeners have concluded that 
adding lime to soil improves the quality and yield of lettuce. Accordingly, 
when the lettuce used in this study was harvested for assay the soil was 
tested for its hydrogen-ion concentration. The values obtained were Plot 
A, pH 4.40; Plot B, pH 4.95; Plot C, pH 6.95; and Plot D, pH 7.05. These 
values are of the same order as those reported by investigators who have 
given considerable attention to the effect of different soil hydrogen-ion 
contents upon the growth and quality of lettuce. Crist (1925) studied the 
growth of lettuce in nutrient solutions with initial pH values of 3.0, 4.0, 
5.0, 6.0, 7.0, 8.0, and 9.0 and obtained the best plants and maximum growth 
at pH 5.0. Zimmerley (1930) feels that the optimum conditions for the 
four seasons are included in the range of pH 5.7 to 7.1. Morgan and 
Jacobson (1940) are of the opinion that the soil should be limed suffi- 
ciently to keep the reaction at pH 6.2 to 6.6. 

DISCUSSION 

Inspection of the average values reveals that for all practical purposes 
the lettuce grown under the soil, seed, fertilizer, sunshine, rainfall, and 
climatie conditions which existed for Plot A contained as much or more 
carotene, riboflavin, calcium, iron, and phosphorus as lettuce grown on the 
other similar experimental plots which received supplementary magnesium 
or calcium or both. The supplementary magnesium sulfate added to Plot 
B increased the magnesium content of lettuce above that from Plot A. In 
general, the use of lime as a supplementary fertilizer decreased the iron 
and magnesium contents of lettuce. This was particularly noticeable for 
magnesium. 

The average values obtained for the 16 samples of lettuce, which were 
rather typical of the general Boston head lettuce crop of this locality, were 
2.7 mg. per 100 grams for carotene, 0.08 mg. for riboflavin, 24.0 mg. for 
calcium, 2.1 mg. for iron, 13.2 mg. for magnesium, and 23:2 mg. for 
phosphorus. Such values show that Boston head lettuce, even when devi- 
talized by the removal of the dark green exterior leaves, contains valuable 
minerals and vitamins. Thus it is very properly classified as one of the 
valuable ‘‘ protective foods’’ for the human dietary. 


SUMMARY 


A study was made of the effect upon the mineral and vitamin content 
of Boston head lettuce of supplementing the usual fertilizers with mag- 
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nesium or calcium salts or both. The lettuce, which was grown under four 
experimental conditions, was assayed when it had developed to the usual 
market conditions. All the dark green, exterior leaves ordinarily discarded 
by the grower, wholesaler, retail grocer, and housewife were eliminated. 
The pale green or nearly white compact lettuce heads were assayed for 
water, carotene, riboflavin, calcium, iron, magnesium, and phosphorus. The 
use of magnesium sulfate as a supplementary fertilizer increased the mag- 
nesium content of the lettuce but it also reduced the calcium, iron, and 
phosphorus content. The use of magnesium sulfate and lime or lime alone 
as a supplementary fertilizer tended to reduce carotene, calcium, iron, and 
phosphorus contents of the lettuce and caused a definite decrease in the 
magnesium content. The values obtained show lettuce to be a valuable 
source of carotene, riboflavin, calcium, iron, magnesium, and phosphorus 
and to be well deserving of its classification as a ‘‘ protective food’’ for the 
human dietary. 

The authors express their appreciation to Prof. Walter S. Eisenmenger 
and Mr. Karol Kucinski of the Agronomy Department for supplying the 
lettuee and information concerning the fertilizers and cultural conditions 
employed during its growth. 
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The California avocado is a fruit characterized by an unusually high 
fat content. In connection with investigations of its nutritional value 
interest became centered on determining the nature of the pro-vitamin A 
and other carotenoids in the oil fractions of the avocado. Weatherby, 
Yontz, and Watson (1929) and Jansen and Donath (1924) demonstrated 
that avocado contained vitamin A in appreciable quantities, while Stam- 
mers (1927) and Bacharach and Smith (1938) have stated that vitamin A 
is nearly absent. It is the purpose of this study to investigate the caro- 
tenoid responsible for any vitamin A activity that avocado oil may have. 

Recent developments in the use of chromatography as a method for 
the isolation and identification of the various carotenoids by the following 
investigators have suggested the application of chromatography to this 
study: Zechmeister and Cholnoky (1941); Strain (1938, 1942); Zscheile, 
White, Beadle, and Roach (1942); and Bickoff and Williams (1943). It 
was found that owing to the high ratio of oil to pigment in the avocado 
the direct chromatographic adsorption could not be carried out since the 
oil rapidly inactivated the adsorbent and so cut down the adsorbing capac- 
ity of the column. 

EXPERIMENTAL PROCEDURE 

In order to eliminate any destruction of carotenoids by light, all of 
the experimental work was carried out in a darkened room. Necessary 
light was provided by a 25-watt tungsten bulb in a desk lamp situated so 
that no light was directed on the carotene solutions. 

Chromatographic Separation: One hundred sixty grams of Nabal avo- 
cado (edible portion) were weighed into the micro cup of a Waring 
blender, and blended for one minute with 150 ml. of acetone and 25 ml. 
of skellysolve F to break down the tissue. Twenty-five grams of Celite 
545? were added and the mixture was blended for another 30 seconds. 
The blended mixture was transferred to a Biichner funnel and filtered 
through a qualitative grade of filter paper with the aid of suction. The 
pulp was removed and transferred to the blender cup and re-extracted 
with acetone and skellysolve F, the amount of acetone being decreased and 
the skellysolve increased with each extraction. Seven extractions were 
required to remove completely all of the colored pigments from the pulp. 
The complete extraction required approximately 700 ml. of acetone and 
600 ml. of skellysolve F. 





* Supported by a grant from Avocado Growers of California. 
* Celite 545 was obtained from Johns Manville Sales Corporation. 
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The extracts were transferred to a two-liter separatory funnel, and 
distilled water equivalent in volume to the acetone used was added. Two 
hundred ml. of saturated sodium sulfate solution was added to decrease 
emulsions. After standing five minutes the aqueous layer was drawn off 
and extracted in another two-liter separatory funnel with 50-ml. portions 
of skellysolve F until the extracts were colorless. Five extractions wer¢ 
required to remove all of the color. 

The extracts were combined and washed with distilled water until the 
washings were free of acetone (salicylaldehyde test). The skellysolve solu- 
tion of the pigments was dried over anhydrous sodium sulfate and evapo- 
rated to 100 ml. with the aid of suction, keeping the solution under an 
atmosphere of nitrogen. 

In order to eliminate the possibility of carotene destruction that occurs 
in the presence of chlorophyll, according to Pepkowitz (1943), and to 
remove some of the pigments that are more strongly adsorbed, the blue- 
green solution was chromatographed on magnesia. A column 35 by 180 
mm. was packed with a 3:1 mixture of Celite 545 and magnesia.* The 
mixture was wetted with 15 ml. of skellysolve F, and the pigment solution 
was poured onto the column. The green pigments were strongly adsorbed 
and adhered to the first 50 mm. of the column. Below the green was a 
yellow zone which moved rapidly down the column. After all of the 
pigment solution was transferred to the column, it was washed with pure 
skellysolve H, taking care to have the adsorbent covered with solvent at 
all times. The column was washed with a total of 200 ml. of skellysolve H, 
after which it had the appearance shown (Fig. 1A). The carotenes (Band 
1) were washed out into the filtrate with another 100 ml. of skellysolve, 
containing three per cent acetone. The chromatogram was then developed 
further with skellysolve H containing 10 per cent of acetone. This solvent 
eluted the yellow band No. 2 (Fig. 1A) which passed into the filtrate. 
Three new yellow bands developed and the column had the appearance 
shown (Fig. 1B). The filtrate containing band No. 2 (Figs. 1A and 1B) 
was set to one side for further study, and the adsorbent was extruded 
from the column by the application of five to 10 pounds of pressure from 
a nitrogen cylinder, Turkevich (1942). The adsorbent containing band 
No. 5 (Fig. 1B) was cut out and transferred to a glass-stoppered flask 
containing acetone. The other colored bands were discarded. 


Isolation of the Carotenes: The filtrate containing the carotenes (Fig. 
1A) was evaporated in vacuo to 100 ml. maintaining an atmosphere of 
nitrogen over the carotene solution. Any fat remaining in the filtrate was 
saponified by boiling the 100 ml. of residue under reflux for 30 minutes 
with 100 ml. of 10-per cent ethanolic KOH. The saponification mixture 
was cooled, 150 ml. of water were added, and the pigments were extracted 
with skellysolve F. The skellysolve solution was washed three times with 
water, once with 0.5N KOH, and then with water until the washings were 
neutral to phenolphthalein. The carotene solution was dried over anhy- 
drous sodium sulfate and evaporated to 50 ml. using the same precautions 





* Adsorptive powdered magnesite No. 264 was obtained from Westvaco Chlorine Prod- 
ucts Corporation. 
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as before to avoid carotene destruction. The solution was chromato- 
graphed on a 1:1, celite-magnesia column 20 by 200 mm. Yellow pigments 
were adsorbed on the top two centimeters of the column, and below this 
were the carotene bands. The development was carried out with pure 
skellysolve H, the bands of a and b carotene being clearly defined. After 
proper development the column had the appearance described below. At 
the top was a diffuse yellow zone extending for 30 mm.; halfway down the 
column was a bright lemon yellow band followed at 25-mm. intervals 
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by beta and alpha carotene, respectively. The adsorbent was extruded 
from the tube and the bands of alpha, beta, and unknown carotene were 
mechanically separated. The pigments from each band were eluted with 
acetone and separated from the adsorbent by filtration through sintered 
glass funnels. The acetone solution of carotene was transferred to a sep- 
aratory funnel, 10 ml. of skellysolve B was added, and the carotene trans- 
ferred to the skellysolve by the addition of water. The skellysolve solution 
was washed free of acetone, the alpha carotene was rechromatographed on 
1:1, celite and magnesia column, and the beta carotene was chromato- 
graphed on an alumina‘ column. The unknown carotene was diluted to 
25 ml. in a volumetric flask with skellysolve B. The alpha carotene was 

















“Activated alumina Minus 80, chromatographic grade was obtained from the Alu- 
minum Ore Company, East St. Louis, Illinois. 
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considered pure as shown by the fact that only one band could be seen 
even after extensive development. The band was cut out as before and 
eluted. The pigment was made up to 10 ml. in a volumetric flask. The 
beta carotene gave only one band on alumina; the neo-beta carotene found 
by Beadle and Zscheile (1942) was not present or, if present, was in such 
small quantities that the band could not be detected. Transmission values 
for the three pigments were obtained with the Beckmann spectrophoto- 
meter and the values were plotted. The transmission curve of the un- 





| | 
1. UNIDENTIFIED CAROTENE FIGURE |Z 


2. ALPHA CAROTENE ie 
7 *\ 
~Y 
\ 


» 3. ALPHA CAROTENE Vain 
"7 \ 
r 





608 —— FROM AVOCADO 
& 4. UPPER BAND 2 


7 





PERCENT ABSORP 
N 





A) 
na 
7 \\\ 


8 & 

N. 

en 
VATS 





7" 


ER 
S 




















WAVELENGTH IN ANGSTROMS 
4000 : a 4400 | 4800 





(oe) 











known carotene was shown (Fig. 2, Curve 1); spectral curves of alpha 
and beta carotene were shown (Fig. 2, Curves 2 and 3) and (Fig. 3, Curves 
1 and 2) together with transmission eurves of alpha and beta carotene 
obtained from the SMA Corporation. 

The pigment solution from band No. 2 (Fig. 1A) was washed free of 
acetone, dried over anhydrous sodium sulfate, and evaporated to 100 ml. 
with the usual precautions. A column 20 by 160 mm. was packed with 1:2 
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mixture of Celite 545 and lime.® The column was wetted with 15 ml. of 
skellysolve H, and the pigment solution was chromatographed. The pig- 
ments were strongly adsorbed on the top three centimeters of the column, 
and the development was carried out with skellysolve H containing five 
per cent of acetone. Two bands gradually developed and were separated 
by three em. by the time the pigments reached the bottom of the column. 
The adsorbents were extruded and the bands were carefully separated and 
eluted with acetone in the manner described before. The transmission 
curves of the.two pigments were obtained with the Beckmann spectropho- 
tometer and were reproduced (Fig. 3, Curve 3 and Fig. 2, Ourve 4). The 
shape of the spectral and the location of their bands on the chromato- 
graphic column makes the authors assume that these pigments represent 
some of the xanthophylls. 


* Shell Brand lime, chemical hydrate; 98 per cent through 325 mesh. 
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The acetone solution of band No. 5 (Fig. 1B) was transferred to a 
separatory funnel, and the pigments transferred to skellysolve H. After 
being washed free of acetone the skellysolve solution was dried over an- 
hydrous sodium sulfate and chromatographed on a 20 by 250 mm. column 
packed with 1:2 Celite 545 and lime mixture. The pigment solution was 
poured onto the column and developed with skellysolve H containing 15 
per cent of acetone. The pigments separate into a diffuse zone followed 
by a sharp yellow band located three em. from the bottom of the column. 
The adsorbent was extruded from the column and the lower band was 
separated. The pigment was eluted in the usual manner, separated from 
the adsorbent, and the pigment was taken up in skellysolve B. Spectral 
transmission values were obtained on the Beckmann spectrophotometer 
and the curve (Fig. 3, Curve 4) was plotted. The pigment could not be 
identified but undoubtedly represents a part of the xanthophyll fraction, 
which is still impure. 

Quantitative Determinations: The edible portion of the avocado was 
weighed into an Erlenmeyer flask and saponified by boiling for 30 minutes 
with 100 ml. of 10-per cent ethanolic KOH. The saponified mixture was 
filtered on a sintered glass funnel and the residue was washed alternately 
with 25-ml. portions of skellysolve F and ethanol until the filtrate was 
colorless. The combined filtrates were transferred to a separatory funnel 
and 100 ml. of distilled water were poured through the solution. The 
aqueous-aleoholic layer was drawn off and re-extracted with skellysolve F 
until the extracts were colorless. The skellysolve extracts were combined 
and washed three times with water, and the xanthophylls were then re- 
moved by washing with 90-per cent methanol. The washing with methanol 
was continued until no more color was extracted. The skellysolve solution 
was dried over anhydrous sodium sulfate and evaporated to 50 ml. wnder 
vacuo. Crude carotene was determined on an aliquot of this solution, the 
remainder being used for chromatographic separation. One aliquot of the 
carotene solution was chromatographed on a magnesia column, as suggested 
by Kemmerer (1942), and the bands of alpha and beta carotene separated 
and quantitatively determined. In another aliquot total carotene was 
determined by the method suggested by Wall and Kelley (1943). 


RESULTS 


The crude carotene of the Fuerte avocado determined by the above 
method on two different samples amounted to 2.27 and 2.36 micrograms 
of carotene per gram of avocado. The Nabal avocado was found to eontain 
2.35 micrograms of crude carotene per gram. The Fuerte avocado was 
found to eontain 0.54 microgram of beta carotene and 0.06 microgram of 
alpha carotene per gram. The Nabal avocado was found to be lower in 
alpha and beta carotene than the Fuerte variety. The beta carotene of the 
Nabal avocado was 0.40 microgram per gram and the alpha carotene 
amounted to 0.02 microgram per gram. The total carotene calculated as 
beta carotene by the method of Wall and Kelley (1943) gave a value of 
0.75 microgram of carotene for the Nabal avocado. From the work of 
Weatherby, Yontz, and Watson (1929) it appears that the vitamin A 
content of the avocado is approximately 0.6 international unit per gram; 
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this is in fair agreement with our determinations in which we found nearly 


. an equivalent amount of beta carotene, the amount of alpha carotene as 


shown above being very insignificant. 


SUMMARY 


Alpha and beta carotene have definitely been identified as constituents 
of the avocado. An unknown carotene has been found in avocado and the 
spectrophotometrie transmission curve is presented. Three unknown pig- 
ments were isolated and the transmission curves determined. The vitamin 
A activity found by others can be satisfactorily accounted for by the 
carotenes isolated. 
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This is the second paper in a series presenting the effects of processing 
on the vitamin content of ‘‘greens.’’ It describes specifically the carotene 
and chlorophyll content of the leaves of certain varieties of the beet 
species (Beta vulgaris) as affected by marketing, home cooking, and 
drying. 

The literature relating to the carotene content of the leaves of the 
beet family and the effects of different types of processing upon its con- 
centration is limited. Booher and Marsh (1941la), using rat-growth meth- 
ods, found that beet greens (Wonderful Early Spring) contained 16,100 
I. U. of vitamin A value per 100 grams of fresh leaves and that chard 
contained 14,500 I. U. Sheets, Leonard, and Gieger (1941), using the 
Hegsted, Porter, and Peterson method, found that Swiss chard (Fordhook 
Giant) contained 51.6 mg. of carotene per 100 grams dry weight in the 
blade and 2.6 mg. in the midrib; Swiss chard of the Lucullus variety, 
46.1 mg. carotene in the blade and 2.4 mg. in the midrib; while in garden- 
beet leaves, there were 57.2 mg. carotene in the blade and 10.3 mg. in the 
midrib. 

It is frequently stated that there seems to be a direct parallel between 
greenness, or chlorophyll content, and vitamin A activity. A number of 
years ago this relationship was observed by Steenbock and Sell (1922) 
who, by biological tests, found vitamin A to be higher in the green than 
in the white leaves of cabbage. Dye, Medlock, and Crist (1927) found 
green lettuce leaves superior in vitamin A value to the blanched leaves. 
More recently Johnson and Miller (1940) obtained significant correlations 
between the concentration of total chlorophylls and either total carotenoids 
or beta carotene in forage grasses. 

In general, literature indicates that there is no great loss of carotene 
owing to ordinary cooking processes. Coward and Morgan (1935) found 
no loss of vitamin A potency when cabbage, carrots, and beans were cooked. 
Newton (1931) found no loss when turnip greens or collards were boiled 
for 45 minutes. Other investigators—Booher, Hewston, and Marsh (1941b) 
on cooking leafy vegetables and green beans; MacLeod and Utley (1937) 
and MacLeod (1939) on cooking sweet potatoes; and Richardson and May- 
field (1940) on cooking peas—have found more carotene in the eooked 
product than in the raw. Oser, Melnick, and Oser (1948) found, in the 
case of peas, a 10-per cent loss of carotene when they were cooked in a 





*Approved by the director of the Michigan Agricultural Experiment Station for 
publication as Journal Article No. 688 (n.s.). 
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small amount of water and approximately an 18-per cent loss when cooked 
in a large amount of water. 

Little has been published regarding the effect of drying on the carotene 
content of vegetables, but the general opinion is that much greater losses 
occur with this than with other types of processing. Fraps and Treichler 
(1933) reported an 80-per cent loss of carotene in vacuum drying of raw 
carrots, 29 per cent with sweet potatoes, and 65 per cent with vacuum- 
dehydrated spinach. De Felice and Fellers (1937) determined that fresh 
and dehydrated spinach were 718 I. U. and 495 I. U. in vitamin A value 
per gram, respectively. If moisture were taken into consideration this 
would be approximately a 93-per cent loss. Moyer (1943) found that 
there was little loss of carotene from rutabagas during the drying proc- 
esses but that at all storage temperatures above —40°C.(—40°F.) its loss 
was rapid. This loss decreased with storage under carbon dioxide. Cruess 
(1943) reported that blanched spinach lost approximately 27 per cent of 
its carotene when dried at 71°C.(159.8°F.) for four hours and 11 per cent 
when the temperature was 82°C.(179.6°F.) and drying time three hours. 
In studying the effect of refrigerated storage on the carotene content of 
lettuce, Harris and Mosher (1941) reported that in the preservation of 
this vitamin high humidity and low air movement are important factors 
and that the rate of carotene destruction during dehydration is apparently 
linear until about 40 per cent of its weight is lost, then the destruction 
appears to be accelerated. 

EXPERIMENTAL PROCEDURE 

Leaves of four horticultural varieties of the beet family (Beta vulgaris) 
were selected for study and included the common table beet (Detroit Dark 
Red), the sugar beet (U. S. 200x215), and two types of Swiss chard 
(Fordhook and Rhubarb). Complete descriptions of the experimental 
growing, harvesting, and processing of the greens are given in the first 
paper of this series by Porter, Schlaphoff, Wharton, Briant, and Beltz 
(1944). Briefly, two methods of home cooking were employed: (a) using 
a moderate amount of rapidly ‘boiling water and (b) using only that water 
which remained clinging to the leaves after the last rinsing. Institution 
preparation consisted of cooking large lots of greens in a steam-jacketed 
kettle and then holding them for either 10 minutes or 60 minutes on the 
steam table. Home drying was accomplished in a homemade drier used on 
a gas stove. The dried leaves were prepared for serving by cooking until 
tender in boiling salted water equivalent to 25 times the weight of the dried 
greens. 

The chlorophyll -and carotene were determined by the Petering, Wol- 
man, and Hibbard procedure (1940) using a Waring Blendor for fine 
dispersion of the plant material in absolute aleohol. The standard curve 
was made using carotene which was 90 per cent beta and 10 per cent alpha 
carotene (S.M.A. Corp.) The chlorophyll for the standard curve was pre- 
pared by Dr. C. L. Comar, Experiment Station Chemistry, Michigan State 
College. Chlorophyll readings on fresh plant extracts, using the method 
of Petering et al. (1940), and the standard so prepared, were checked 
spectrophotometrically by Dr. Comar and found to agree completely. 
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From each lot of greens that was processed, an aliquot of the freshly 
picked leaves was selected as a control. After processing, each compos- 
ite sample was analyzed in triplicate. Moisture content was determined 
on triplicate samples from all aliquots by drying at 95 to 105°C.(203 to 
221°F.) for 24 hours. When the number of samples permitted, mean 
vitamin values were analyzed by variance methods for statistically sig- 
nificant differences. Correlation between carotene and chlorophyll contents 
of raw leaves was also studied. 


RESULTS AND DISCUSSION 
An analysis of variance in the carotené and chlorophyll data for the 
fresh leaves (Table 1) showed no significant differences in the levels of 
carotene and chlorophyll in leaves picked in August and in September. 
Therefore, the results of the harvestings made in the two months have 
been considered together. 


TABLE 1 
Carotene and Chlorophyll Content of Freshly Picked Greens 











Carotene Chlorophyll 





Number 
Variety of greens of Moisture In Calculated In Caleulated 
samples fresh to dry fresh to dry 
leaves basis leaves basis 





gm./ mg./ mg./ mg./ mg./ 
Swiss chard 100 gm. | 100 gm. | 100 gm. | 100 gm. 100 gm. 


2 91+0.2 | 5.80.1 | 62+1.3 | 135+4.3 | 1448+42.7 
Rhubarb 24 89+0.3 | 6.10.2 | 5841.2 | 141+4.3 | 1332+33.9 
Beet leaves 
U.S. 200 x 215 88+0.3 4 

90+0.3 | 5.5 




















0. i 3 144+3.8 | 1171+20.0 
0. ‘ 1354#2.5 | 1358423.7 


= 
- 





All varieties of leaves contained approximately six mg. of carotene per 
100 grams of fresh leaves. The chlorophyll levels, however, ranged from 
135 to 144 mg. per 100 grams of fresh sample, a ratio in the neighborhood 
of 24:1 with carotene. There was a correlation between the carotene and 
chlorophyll content of the leaves, significant at the one-per cent level, 
which coincides with the popular idea that the carotene content increases 
with greenness and also with the findings of Johnson and Miller (1940) 
on different varieties of grasses. 


The effects of two different methods of home cooking on the carotene 
content of greens are presented (Table 2) and those of institutional-cooking 
procedures (Table 3). The carotene concentration was not much changed 
by either home-cooking method, although, in most cases, the carotene con- 
tent of the cooked greens was greater than that of the raw when compared 
on a dry basis. These differences were not statistically significant. Institu- 
tion-cooked greens (eight-lb. lots), whether held for 10 or 60°’ minutes on 
the steam table, contained more carotene than the raw when compared on 
the dry-weight basis, these apparent increases in the institution-cooked 
greens being significant (statistically) only in the case of the Rhubarb 
variety of Swiss chard. As mentioned in the previous paper by Porter 
et al. (1944), the institution cooking was not as well controlled as was 
desirable, since a period of 20 to 30 minutes for the transfer of the cooked 


Effect of Home-Cooking Methods on Carotene Content of Greens’ 
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material from the institution kitchen to laboratories may have represented 
a critical period so far-as the vitamin contents of the greens were con- 
cerned. The gains in carotene observed after processing leafy material, 
while reported by other investigators as well as in this study, are believed 
by the writers to be more apparent than real. Further study on this 
problem is being continued in this laboratory and will be published later. 

Uniform sampling of the plant material, such as Swiss chard, was diffi- 
cult owing to the large midrib. Sheets et al. (1941) showed that the leaf 
blade furnished 96.3 to 99 per cent of the total carotene of the leai. Since 
it was desired in this study to learn the nutritive value of the greens as 
they were served on the table, the whole leaf (blade and midrib) with 
only the petiole removed was analyzed. This accounted for part of the 
experimental error because in taking relatively small portions for analysis, 
even from a well-mixed composite sample, it was entirely probable that an 
equitable distribution of blade and midrib was not always obtained. Fur- 
ther, variations in the water content of the different structures of the leaf 
decreased uniformity of sampling. 

The carotene determinations on greens shortly after drying, after the 
newly dried leaves were cooked for serving, and then after six and seven 
months of storage at 18°C.(64.4°F.) are shown (Table 4). Initial drying 
caused an 18- to 30-per cent loss of carotene. When the dried greens were 
cooked and prepared for serving, however, they gave carotene values which 
compared favorably with those of the fresh raw sample, these values being 
caleulated on the dry-weight basis. Storage for six to seven months in- 
creased carotene losses to more than 60 per cent. It appeared then, that 
while initial drying losses. were not too serious and were within the range 
of such losses as observed by Cruess (1943), the method did not produce 
a vegetable that could be relied upon as a dietary source of carotene, 
especially if stored under ordinary home conditions. 

Marketing as practiced in this experiment represented conditions simi- 
lar to those used in a local market and caused no significant change in 
carotene content (Table 5). The leaves were not wilted after 24 hours 
of storage in a moist burlap wrapping. Harris and Mosher (1941) found 
the distribution of carotene in lettuce to be correlated with the percentage 
loss in moisture and that the degree of ‘‘ wilting’’ may be used as an index 
of loss of the initial carotene content. 


SUMMARY 


A study was made of the carotene content of leafy vegetables as affected 
by (1) variety; (2) home cooking by two widely used home-cooking. meth- 
ods; (3) ‘‘holding’’ the greens cooked by an accepted institutional method 
for 10 minutes or 60 minutes on a steam table; (4) home drying and 
storage under home conditions; and (5) marketing as on the local farmers’ 
market. The varieties of leaves were all from the beet species (Beta vul- 
garis): the common table beet (Detroit Dark Red), the sugar beet (U. S. 
200 x 215), and two varieties of Swiss chard (Fordhook and Rhubarb). 
The beet leaves were analyzed in July and the Swiss chard at two periods 
in August and in September. Chlorophyll determinations were made on all - 
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the fresh samples and compared with the carotene concentration of the 
same sample. 

The average carotene content for each variety of leaves was six mg. 
per 100 grams of fresh material, while the chlorophyll content ranged from 
135 to 144 mg. There was no significant difference in the carotene or 
chlorophyll concentrations between the August and September harvestings 
of Swiss chard. The correlation of the carotene to chlorophyll content was 
highly significant. 

TABLE 5 


Effect on Carotene Content of Holding Greens for 24 Hours 
Under Local Market Conditions 








Carotene 





Moisture 
Variety and period of ‘“‘held”’ Freshly Held 24 Change 


leaves 


picked 
(dry basis) 


hours 
(dry basis) 


from fresh 
values 





Swiss chard 
Fordhook 


_. Sees 


Period 2 


gm./100 gm. 


91+0.1 
92+0.1 


mg./100 gm. 


5643.5 
60+1.8 


mg./100 gm. 


6643.3 
5442.7 


pet. 


17.9 
—10.0 


Rhubarb 
90+0.3 ¢ 














142.4 57+2.0 —6.6 
o+2.4 


6443.3 16.4 


5 
91+0.5 5i 





Neither method of home cooking significantly affected the carotene 
content of the leaves, although there were apparent gains in carotene, 
particularly in the Rhubarb chard. Institution cooking and holding on 
the steam table for 10 or 60 minutes did not significantly affect the caro- 
tene content of the Fordhook but caused a highly significant gain in the 
Rhubarb Swiss chard. The home-drying method caused an 18- to 30-per 
cent loss of carotene and storage for six to seven months increased this 
loss to more than 60 per cent. The method of marketing did not signifi- 
cantly affect the carotene content. 
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CELLULAR CHANGES IN CERTAIN FRUITS AND VEGETABLES 
DURING BLANCHING AND DEHYDRATION 
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(Received for publication, February 21, 1944) 


The keeping qualities of dried foods vary greatly. Some high-sugar 
fruits, such as raisins, dates, figs, and prunes, keep well when simply dried 
in the sun; this process is now in general use. Other fruits (apricots, 
peaches, nectarines, apples, and pears) have commonly been held in the 
fumes of burning sulfur from one to many hours before being placed in 
the sun—Long, Mrak, and Fisher (1940). Sulfuring gives the fruits a 
translucent pleasing appearance, retards chemical changes and thus pre- 
serves the products, repels insects and prevents fermentation during dry- 
ing. Trays of sulfured fruits, after a partial sun-drying, are usually 
stacked so that the fruit may continue to dry without direct exposure to 
the rays. This method tends to preserve the natural colors and flavors. 

In sun-drying of cut fruits the halves are commonly placed on the 
trays with the cut sides up, the pit cavities forming small cups. They are 
then kept in the fumes of burning sulfur (SO,) for three hours to over- 
night, and the sulfur houses often run as high as 26.7 to 37.8°C.(80 to 
100°F.). Under these conditions the tissues are killed, sap is released, 
and often the cups formed by the seed cavities are partially filled with 
liquid when the fruit is placed in the sun. The fruit acquires a water- 
soaked or ‘‘cooked’’ appearance. 

On trays in the sun, drying fruit often is subjected to well over 100°F., 
and the temperature fluctuates from day to night. Under these conditions 
cell walls soften somewhat and the fruit assumes a bright, translucent 
appearance. If the trays are stacked as soon as this condition is reached 
and the drying is completed in the shade, a sun-dried product of the 
highest quality is obtained. During sun-drying, however, the fruit is 
subject to contamination with dirt, infestation by insects, and some loss 
of color and flavor by oxidation. 

In the present search for new and better methods of food preservation, 
innumerable chemical and physical treatments are being tested. Undoubt- 
edly many of these will ultimately find a place in commercial processes. 
Of the various procedures now used in preparing fruits and vegetables 
for drying, two stand out—sulfuring and precooking or blanching. Since 
these treatments have proved their worth, according to Mrak, Phaff, Fisher, 
and Mackinney (1943) and Reeve (1942), it seems desirable to understand 
them clearly in order to control them properly and to utilize every advan- 
tage that they present. Furthermore, one should recognize any interrela- 
tion between them in order to use each at its highest efficiency. 

Blanching enables one to produce a dehydrated fruit of appearance 
equal or superior to sun-dried ; in experiments it has given a product that 
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retains more of the full flavor of tree-ripened fruit; and dehydration pre- 
ceded by steam-blanching can be carried out under optimum conditions of 
cleanliness. It is a common practice also in the preparation of vegetables 
for canning—Adam and Stanworth (1941). It is becoming popular in 
dehydration of both fruits and vegetables. Except, possibly, with onions, 
it is beneficial in preventing vitamin loss; it inactivates enzymes, thus 
preventing deterioration in storage—Reeve (1943a,b); and it improves 
the appearance of the finished product. The investigations here described 
were undertaken in order to explain why blanching improves the appear- 
ance of both fruits and vegetables that have been dehydrated. It was also 
hoped that the superior keeping qualities of blanched products might be 
somewhat elucidated. 


EXPERIMENTAL PROCEDURE 


Most of the cytological studies to be described were started with fresh 
fruits and vegetables from orchards and gardens or from local stores. In 
the laboratory these were sectioned by hand and examined under the 
microscope. By having both transmitted and reflected light, it is easy to 
determine the general nature of the tissues, the amount of pigmentation, 
and the amount of intercellular air. A Greenough-type dissecting binocu- 
lar was used for the preliminary survey of tissue types. In the detailed 
studies, a Zeiss compound binocular was utilized. The photomicrographs 
were made by means of an Eastman kodak precision enlarger with micro- 
scope attachment and 35 mm. Kodachrome adapter. Negatives were on 
Agfa Finopan film. 


Studies on blanching and drying involved the use of a hot stage through 
which steam could be passed. A small, round, open-topped, glass cell was 
sealed into openings in a brass jacket having inlet and outlet tubes. To 
observe the blanching process, a section of tissue was transferred to a 
cover slip; this was placed on top of the glass cell, the tissue hanging from 
the underside. As steam was passed around the cell, the tempera- 
ture rose rapidly, heating the tissue under observation. A saturated atmos- 
phere was maintained by keeping a thin layer of water in the bottom of the 
cell. 


To observe drying, the tissue was simply mounted on top of the cover 
slip; and steam was passed through the jacket to warm the tissue which, 
being exposed to the air, dried at a rate governed by the temperature. The 
hot stage was used on top of the ordinary stage of a compound microscope 
with the substage condenser removed. Illumination was obtained from a 
microscope lamp focused to give a beam of parallel light. 


OBSERVATIONS ON FRESH TISSUES 


Cells making up the bulk of the edible portions of most fruits and 
vegetables are parenchyma, that is, relatively unspecialized cells ranging 
in form from spherical to polyhedral and from approximately isodiametric 
to greatly elongated or flattened. Intercellular spaces are usually promi- 
nent in parenchyma and may occupy an appreciable portion of the total 
space. Reeve (1942) has described parenchyma cells of vegetable tissues 
in detail. 
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A hand section of the flesh of Royal apricot (Fig. 1) shows cells some- 
what elongated ; intercellular spaces, shown in black because of diffraction 
of light, are present between the corners and edges of the cells. Such 
air-filled intercellular spaces, when viewed by reflected light by means of 
a dissecting binocular or by side illumination with a compound microscope, 
look like glistening air bubbles against a black background. It is light 
reflected from such intercellular air masses that gives the flesh of the 
apple and the pear a characteristic glistening whiteness. The appearance 
of the fresh flesh of apricot and peach is modified by the color of the 
carotenoid pigments in the cells. The flesh of the prune, on the other 
hand, has very large cells but small, inconspicuous intercellular spaces. 


Fig. 1. Hand section of fresh tissue of Royal apricot, showing thin-walled paren- 
chyma cells and prominent air-filled intercellular spaces. X95. 

Fig. 2. Hand section of fresh tissue of Bartlett pear with a center group of stone 
cells and radiating from it a layer of elongated parenchyma cells. Cells farther from 
the stone-cell group are roughly isodiametric. Elongated parenchyma also occurs along 
the vascular bundles and near the core. X84. 

Fig. 3. Hand section of Muir peach where the large proportion of the section is 
oceupied by air-filled intercellular space. X95. 

Fig. 4. Hand section of the fresh tissue of French prune, showing cells that are 
very large and intercellular spaces that are relatively small. X95. 


Such tissue appears translucent, not unlike cooked apple or pear. Prune 
cells also contain some pigment, though less than apricot or yellow peach. 

The fresh tissue of pear (Fig. 2) shows a dark mass in the center 
which is a group of stone cells. Such groups are found dispersed through- 
out the flesh of the pear, giving it its gritty character—Crist and Batjer 
(1931) and Smith (1935). These stone-cell groups are very numerous 
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just below the epidermis and also around the core. They are made up of 
small cells having thick, heavily lignified walls. They differ in number 
and size according to the variety, being fewer and smaller in the Bartlett 
pear than in the winter varieties. 

Surrounding the stone-cell group is a layer of much elongated pa- 
renchyma. This tissue in turn is surrounded by ovoid and spherical 
parenchyma cells having very thin walls and prominent intercellular 
spaces. The Muir is the most popular peach variety for drying. Addoms, 
Nightingale, and Blake (1930) have described the development of the 
peach in detail. In the flesh of the Muir (Fig. 3) prominent intercellular 
spaces make up an interconnected, air-filled phase that appears to occupy 
at least 10 per cent of the total tissue volume. 

In contrast to these three fruits the cells of the French prune, the 
popular drying variety (Fig. 4), are very large, and intercellular air is 
much less conspicuous. The prune is not commonly sulfured, the only 
pretreatment used being a brief dip in hot water or dilute lye to crack 
the cuticle. This treatment opens the skin and allows more rapid diffusion 
of moisture from the drying fruit. 

The fleshy tissues of root vegetables, such as carrot, turnip, and sweet 
potato; the tubers of white potatoes; and the stems or petioles of cabbage, 
broccoli, and other vegetables are largely composed of parenchyma cells 
not unlike those pictured in the fruits. Besides this simple, unspecialized 
parenchyma all these fruit and vegetable structures have vascular tissues 


with a variety of specialized cell types. In high-quality fruits and vege- 
tables, however, the vascular tissues are small in amount and contain little 
lignified wood or fiber tissue; they constitute the ‘‘strings’’ or ‘‘fibers’’ of 
the preserved product. Blanching tends to soften the vascular tissues and 
renders them less conspicuous in the final cooked food. 


EFFECTS OF STEAM-BLANCHING 


In histology it is common practice to evacuate tissues in order to dis- 
place intercellular air with the killing fluid. The tissues assume a trans- 
lucent, water-soaked appearance and usually sink beneath the surface of 
the fluid. 

Another way to displace intercellular air is to heat the tissues. This 
causes the air to expand, forcing it out just as evacuation does. If the 
tissues are in water, the gases in the intercellular spaces contract upon 
cooling, and the liquid is drawn in. Again, cellular tissues upon cooling 
usually assume a translucent appearance and sink beneath the surface. 
In cooking, the cells, which initially were turgid, are rapidly killed. Sap, 
pressed from them, is available to displace intercellular air. Softening of 
the cell walls further alters the inherent structural properties of the tissue, 
allowing the cells to distort and to fit more closely together. 

Steam-blanching has the same effect as cooking, with the one differ- 
ence that the tissues are not surrounded by water. If intercellular spaces 
are to be completely filled with liquid after steam-blanching, the volume 
of sap released from killed cells plus the_water condensed on the tissues 
from steam must suffice to occupy the requisite space. Heating must 
continue long enough to bring about a fairly complete replacement of 
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intercellular air by water vapor. Unless these conditions are fulfilled air 
bubbles in the tissues do not completely disappear upon cooling but, 
during dehydration, are trapped in the tissues and remain indefinitely. 

These statements are based upon a thorough study of the blanching 
process by means of the hot-stage microscope described above. When a 
section of pear, apple, carrot root, or cabbage petiole tissue is placed on 
a cover slip and mounted in the cell of the hot stage, as the temperature 
rises the air bubbles visible throughout the tissue are seen to expand 
slightly, and very soon small bubbles can be observed rising from the 
eut ends of intercellular spaces. With continued heating small bubbles 
move about through the intercellular space system, and sap released from 
killed cells replaces intercellular air in the finer passages. For this reason, 
tissue subject to prolonged heating has little or no gas in the finer pas- 
sages; the bubbles that remain are approximately spherical and occupy 
the larger intercellular spaces. Filling of the small intercellular spaces 
with liquid takes place in a jerky fashion as if the external cell surfaces 
wet with difficulty. 

Upon cooling, the bubbles present in the tissue contract rapidly. If 
heating has been sufficient to replace the air rather completely with water 
vapor, the bubbles will contract completely and disappear. If the air has 
not been completely replaced, bubbles will persist but wili be reduced in 
size. If they are small enough, they will rather rapidly disappear as a 
result of the pressure upon the gas caused by surface tension of the 
liquid-gas interface. Such pressure forces the gases into solution and they 
diffuse outward, finally reaching equilibrium with the atmosphere. 

Besides these simple physical effects upon intercellular air, heating 
with steam causes rapid death of the cells. This is evidenced by change 
in the appearance of the protoplasm as the proteins are coagulated. Often 
the pigment bodies, where present, rapidly aggregate. Starch, if present, 
gels as soon as the gelation temperature is attained. Undoubtedly there 
are chemical changes occurring that cannot be readily detected with the 
microscope. For instance Mrak, Phaff, Fisher, and Mackinney (1943) 
showed that peroxidase is inactivated by steam-blanching; numerous tests 
have shown that oxidase and catalase are inactivated also. According to 
Zscheile, Beadle, and Kraybill (1943), blanched vegetables retain more 
carotene during low-temperature cold storage than unblanched. Other evi- 
dences of chemical changes are an enhanced absorption and retention of 
SO,—Mrak, Phaff, Fisher, and Mackinney (1943)—and a softening of 
the vascular bundle tissues in certain cases. 


EFFECTS OF DRYING 

By gently heating sections of tissues in the open air on a cover slip, 
using the hot stage described, one can observe the changes that attend 
drying. Starting with fresh apple or pear tissue, one first notices the 
glistening surface of the freshly cut cells and observes that the whole 
cell mass is impregnated with liquid. As drying proceeds, this surface 
film of moisture gets thinner and finally disappears from the convex sur- 
faces, leaving them dull gray. Meanwhile, under the influence of forces 
resulting from water loss, bubbles within the intercellular spaces expand, 





CELLULAR CHANGES IN CERTAIN FRUITS AND VEGETABLES 447 


and to-and-fro movement of small columns of liquid may be observed as 
more and more air enters the tissue. 

When the tissue starts to dry down, the cells lose turgor, and the walls 
become more or less flaccid. The surface, if teased with a needle, has a 
sticky consistency and the mass of tissue flattens down on the cover glass. 
As loss of moisture proceeds, the surface dries and the walls become rigid. 
As this drying of the walls continues into the tissue, sap previously. re- 
leased from cells evaporates down to a syrup coating the walls and the 
intercellular air spaces become larger and larger. Finally, the completely 
dry tissue appears as a thin layer of plastic material glued fast to the 
cover_glass, with the outlines of cells still visible but with the walls white 
or dull gray instead of moist and glistening as in the fresh tissue. Trapped 
within the intercellular spaces are many bubbles, larger than they were 
originally and mostly spherical or nearly so. ; 

Thin sections cut from dehydrated fruits look much the same as these 
thin sections dried under the microscope; but they represent tissue shrunk 
in three dimensions, whereas tissue dried on a glass surface has contracted 
in only one, being cemented to the glass by the drying sap so that hori- 
zontal contraction is prevented. 

Thin sections of apricot, peach, and pear (Figs. 5, 7, and 9), respec- 
tively, cut from fruits dehydrated without blanching, show that the cells 
have collapsed and much air has been entrapped in intercellular spaces. 
In the upper left (Fig. 5) is a small portion of a vascular bundle, and on 
the right margin is a sap-filled cavity caused by the extreme shrinkage 
that occurs. Two stone-cell groups are visible (Fig. 9). In a section of 
apple tissue dried on a cover slip under the microscope (Fig. 11) obviously 
vertical contraction alone has taken place, for the outlines of cells can be 
seen in their original dimensions. In sections of cabbage petiole, carrot 
root, and sweet potato (Figs. 13, 15, and 17), respectively, dried on the 
slide under the microscope, intercellular air trapped in the tissues is 
obvious in all three. Starch grains are also apparent in the sweet-potato 
tissue. 

The white potato among vegetables is analogous to the prune among 
fruits in that the cells are relatively large and there are few air-filled 
intercellular spaces. The whiteness of the fresh-cut tissue is caused by 
reflection of light from the surfaces of the many starch grains present 
rather than from bubbles. A thin section of potato dried on a cover slip 
under the microscope (Fig. 19) shows intercellular air as well as the 
outlines of cells completely obscured by the many starch grains. Drying 
was so rapid that little gelation of starch occurred though the temperature 
was above that of gelation for potato starch. 

So far the drying only of unblanched tissues has been described. Dry- 
ing of blanched tissues is very different. As mentioned in the previous 
section, blanching rids the tissue of intercellular air. Drying of such 
tissue shows simply a graying of the exposed walls as they lose their 
surface film of moisture, a gradual shrinking of the tissue, and finally a 
change from a clear, translucent appearance to a rather dull one as the 
section dries down hard on the glass surface. In such a section, again, 
the original outlines of the cells can be seen; but no bubbles are present 

















Fies. 5 to 10. Thin hand sections of dehydrated fruits mounted in glycerine. X 84. 
Fias. 11 and 12. Thin hand sections of apple dried on slide under microscope. X84. 


Fig. 5. Royal apricot, unblanched, in which air bubbles are prominent throughout the tissue. 
On the right center is a cavity formed ‘by the parting of the tissue caused by shrinkage during 
drying. On the upper left is a short piece of a vascular bundle, Fig. 6. Blanched, dehydrated 
Royal apricot. Folding of the cell walls and compression of the tissue is prominent. Fig. 7. Un- 
blanched Muir peach with many air bubbles present in the tissue. Fig. 8. Blanched Muir peach in 
which the tissue is quite uniform in texture. Fig. 9. Unblanched Bartlett pear with two stone-cell 
groups visible. Fig. 10. Blanched Bartlett pear with stone cells in the center. Fig. 11. Unblanched 
section of Newtown Pippin apple dried on the slide. The very large and numerous air bubbles 
give dried apples their intense white appearance. Fig. 12. Blanched Newtown apple in which 
bubbles are completely absent. 
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and the sap in the cells in the form of a hardened glassy syrup is fairly 
translucent. Sections of dried fruits have similar properties except for 
the folding of the cell walls as the drying fruit piece contracts in all three 
dimensions. 

Sections of blanched dehydrated apricot, peach, and pear (Figs. 6, 8, 
and 10), respectively, show the accordion pleat-like folding of the walls 
characteristic of such tissue. The dense lines, especially evident in Fig. 6, 
represent the cell walls; a stone-cell group is present in Fig. 10. 

A section of apple tissue dried on the slide after blanching (Fig. 12) _ 
shows the approximate outlines of the cells though the superposition of 
several cells makes the outline somewhat confused. Sections of cabbage 
petiole, carrot root, and sweet potato (Figs. 14, 16, and 18), respectively, 
blanched and dried under the microscope, all show the cell outlines; the 
aggregation of pigment bodies previously mentioned may be seen (Fig. 
18). These aggregations contained carotinoid pigments and showed as 
irregular yellow dots in the killed, dried eells. Starch in the sweet-potato 
section has been gelled and is scarcely visible. 

A section of white potato blanched and dried under the microscope is 
shown (Fig. 20). As the temperature of this section reached the gelation 
point, the starch grains could be seen to expand rapidly with a bursting 
action as if they were retained within membranes that broke. They soon 
filled the cells completely with a reticulate, gray, translucent mass that 
almost obscured the cell outlines. Fine, air-filled intercellular spaces, on 


the other hand, failed to lose their air and therefore appear as black 
lines of varying width in the photomicrograph. Had the section been 
heated longer, the air would have been displaced by water vapor and 
finally lost. More time is required in potato, however, because the moisture 
normally lost from cells as they are killed by blanching is absorbed by 
the gelling starch, leaving the cells relatively free of fluid water. 


DISCUSSION 

As indicated earlier, when plant tissues dry, surface forces are set up: 
that exert a definite influence upon the various phases of the system. Upon 
drying of a rigid structure, such as a brick or a stiff sponge, water is lost 
first from the large spaces, then from smaller and smaller ones; and finally 
the surface film that tends to wet the entire internal surface is lost. In a 
colloidal material, such as clay soil or the flesh of a prune, considerable 
heat energy must be applied to remove this last film in the presence of 
normal moist air. 

As fruit tissue dries, the bubbJes in the intercellular space system 
enlarge; the same type of drying proceeds except that sap released from 
cells tends to retard the process and, as this sap is lost by evaporation, 
the tissue shrinks. 

When the intercellular air has been completely replaced by water or 
sap from the cells, the situation is different. In the drying of such tissue, 
surface forees tend to exert a strong compression. Only when rigid strue- 
tures are present are bubbles formed. If good-quality fruit is steam- 
blanched until the cell walls become soft and plastic, it will dry down 
without bubble formation. If a few small bubbles chance to be left after 
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Figs. 13 to 20. Sections of dehydrated vegetable tissues dried on the slide and mounted 
in glycerine. X84. 


Fig. 13. Unblanched section of cabbage petiole. The large round bubbles were formed unde: 
the cover slip after the glycerine was applied. They are composed of air that was displaced from 
intercellular spaces in the tissue by the glycerine because of capillarity. Fig. 14. Blanched cabbage 
petiole. Fig. 15. Unblanched carrot tissue in which air is particularly abundant in the ray tissues 
of the carrot root. Fig. 16. Blanched carrot tissue. Fig. 17. Unblanched sweet potato with inter 
cellular air present in large, irregularly shaped, intercellular spaces. Starch is abundant in the 
cells. Fig. 18. Blanched sweet potato in which starch has been gelled and pigment bodies have 
aggregated into clumps. Fig. 19. Unblanched Netted Gem potato tissue dried on the slide. Inte 
cellular air is almost completely obscured by the many starch grains, and cell outlines are barely 
visible in places. Fig. 20. Blanched potato in which the starch is completely gelled, forming a gray 
reticulate mass in each cell. Intercellular air is still present in minute passages between the cells 
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blanching, these will slowly collapse and disappear under the compres- 
sional force of surface tension that presses the gases into solution. 

Fruit in the sulfur house may become completely translucent by re- 
placement of intercellular air by sap. When dried in the dehydrator, 
however, such fruit becomes opaque and full of bubbles again. The cell 
walls have not become plastic enough to give, and they form rigid inter- 
cellular compartments within which bubbles are formed under the tension 
developed as liquid is withdrawn. During gradual sun-drying, however, 
the heating plus the slowness of the drying allows for bending of the 
walls, and bubbles are not reformed. 


Blanched fruit, on the other hand, may be rapidly dried without bubble 
formation. Here the high temperature has rendered the walls plastic, and 
they give under the compressional forces set up. 

The discussion thus far has emphasized the effect of blanching upon 
the appearance of the product. If appearance alone were improved, the 
process could searcely be justified, for the public could be re-educated to 
use a different-looking product. Other advantages, however, accrue, accord- 
ing to Crafts (1944) : 

1. Intercellular air acts as an insulator restricting the inward move- 
ment of heat and outward movement of moisture. Experience has proved 
that blanched products dry more quickly than unblanched. 

2. Air trapped in drying tissues contains oxygen that may react 
with ascorbie acid, carotene, and other easily oxidized constituents. As 
Mrak, Phaff, Fisher, and Mackinney (1943) have shown, blanched fruits 
retain their vitamin C content longer than unblanched. Cruess and Mac- 
kinney (1943) report similar results for both carotene and vitamin C in 
vegetables. 

3. Though the change in appearance upon blanching may not be of 
primary importance, it is an index of complete penetration of heat. Such 
penetration brings about at least two beneficial reactions: first, it inacti- 
vates certain enzymes; second, it softens cell walls and improves the tex- 
ture of the cooked product—Simpson and Halliday (1941). This softening 
also, as explained above, prevents the reformation of bubbles that would 
contain oxygen to react with the tissues. 

The various chemical indicators now used to determine the activity 
of enzymes in tissues after blanching are doubtless of value. If, however, 
the altered appearance could be accurately correlated with enzyme inacti- 
vation, as indicated by the photographs in Fig. 1 of the report by Mrak, 
Phaff, Fisher, and Mackinney (1943), then this change in appearance 
brought about by replacement of intercellular air might prove a sufficient 
index of adequate blanching. 

The studies reported here serve well to illustrate how the techniques 
of the research laboratory may be applied to practical problems in preser- 
vation of food products. 

SUMMARY 

Sections of the fleshy tissue of fruits and vegetables were observed 

under the microscope during steam-blanching and dehydration. 
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Fleshy parenchyma of apricot, peach, pear, and apple and of cabbage, 
carrot, and sweet potato is characterized by intercellular space filled with 
gas. If such tissue is dried without blanching, intercellular air is trapped 
among the cells. 

Steam-blanching rids the tissues of intercellular air and softens the 
cell walls. Steam-blanched tissue dries down in a bright, translucent con- 
dition, relatively free of intercellular air. 

Intercellular air restricts the free movement of moisture and heat 
through the tissue and hinders dehydration. Oxygen in the intercellular 
air in tissues may react with vitamins and other labile materials, lowering 
the quality of the product during storage. Freedom from intercellular air 
may serve as an index of thorough blanching. Thus translucency of the 
tissue is a rapid, indirect measure of the inactivation of enzymes and 
softening of the cell walls. 
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ASCORBIC ACID CONTENT OF SMALL FRUITS IN RELATION 
TO GENETIC AND ENVIRONMENTAL FACTORS! 


ELMER HANSEN anp GEORGE F. WALDO? 
Oregon Agricultural Experiment Station, Corvallis, Oregon 


(Received for publication, February 28, 1944) 


The breeding of improved varieties of small fruits for fresh market, 
canning, and other purposes has been in progress at the Oregon Experi- 
ment Station for more than 25 years. Since the ascorbic acid content is 
one of the principal nutritional values of these fruits, it seemed desirable 
to consider breeding as a means of obtaining varieties uniformly high in 
vitamin C potency. No information was available regarding the ascorbic 
acid content of the small fruits grown in Oregon, but data from other 
regions have shown that some varieties are richer sources of this vitamin 
than others. In 10 varieties of red raspberries grown in the state of Wash- 
ington, Todhunter and Robbins (1941) found a range of 13 to 35 mg. of 
ascorbic acid per 100 grams. Varieties of small fruits in New York, 
according to Kirk and Tressler (1941); North Carolina, Lineberry and 
Burkhart (1942); and South Carolina, Satterfield and Yarbrough (1940) 
also varied considerably in ascorbic acid content. Burkhart and Lineberry 
(1942) found also that the vitamin C content varied according to the size 
and ripeness of the fruit as well as to light intensity and the location where 
the plants were grown. 

In this investigation the ascorbic acid content of small-fruit varieties 
of commercial importance in Oregon has been determined. Data are in- 
eluded also on the vitamin C potency of selections developed by breeding, 
which are being tested for possible introduction as commercial varieties. 


EXPERIMENTAL PROCEDURE 


Method of Analysis: Twenty-five grams of berries were transferred to 
a Waring blender and extracted with 300 ml. of one-per cent metaphos- 
phorie acid, Loeffler and Ponting (1942). After filtering or centrifuging, 
five ml. of the extracts were pipetted into 50-ml. volumetric flasks and 
made to volume with sodium citrate-metaphosphoric acid buffer solution at 
pH 3.6. Ascorbic acid was then determined by the method of Morell 
(1941), adapted for use with a Klett-Summerson photometer. To deter- 
mine the accuracy of this method, aliquots of the metaphosphorie acid 
extracts of strawberries and gooseberries were determined according to 
the procedure specified and also by titration with 2,6-dichlorobenzenone- 
indophenol. Values of 58.9 and 59.4 mg. for gooseberry, and 50.5 and 50.7 
mg. per 100 grams for strawberry were obtained, respectively, by the two © 
methods. 


’ Published as Technical Paper No. 435, with the approval of the director of the 
Oregon Agricultural Experiment Station. Contribution of the Department of Horticul- 
ture in a co-operative project with the Department of Foods and Nutrition, School of 
Home Economies. " 

? Assistant Horticulturist, Oregon Agricultural Experiment Station, and Associate 
Pomologist, Bureau of Plant Industry, United States Department of Agriculture. 
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Source of Material and Method of Sampling: The samples were ob- 
tained from experimental plots located near Corvallis. The strawberries 
were grown on three different plots. Plot 1 was a randomized block con- 
taining two commercial varieties and 20 selections (selected seedlings of 
various crosses on trial for possible introduction as commercial varieties). 
The second plot consisted of two named varieties and three selections, 
replicates of which were grown in either Plots 1 or 3 or both. Plot 3 
contained one variety and 13 selections, a portion of these being replicates 
of those grown elsewhere. Plot 1 was located on Chehalis silty clay loam 
soil which had received an application of manure in the spring and was 
irrigated once during the harvest season. Plot 2 was located on the same 
type of soil but no manure had been applied. Plot 3 was located approxi- 
mately one mile from the others on Chehalis fine sandy loam soil. No 
fertilizer or irrigation was applied to this plot. The raspberry and black- 
berry varieties and selections were grown on closely adjacent plots having 
the same type of soil. 

Samples were collected in the morning at weekly intervals throughout 
the harvest season. Only fully ripe berries were used. The strawberries 
and blackberries were sampled by cutting a transverse section through 
the center of the berry, using 25 to 30 sections for a 25-gram sample. 
Raspberries were sampled by slicing through the longitudinal axis. The 
samples were covered immediately after weighing with 300 ml. of one-per 
cent metaphosphorie acid. Preliminary tests showed that this method of 
sampling gave results comparable to those obtained with whole berries. 
Berries which were not analyzed within six hours were placed in Pliofilm 
bags and stored at 5.6°C.(42°F.) for periods not exceeding 24 hours. Pre- 
liminary tests showed that samples could be kept under these conditions 
for at least 72 hours without significant change in weight or ascorbic acid 
content. 

RESULTS AND DISCUSSION 

Variability Among Varieties and Selections: The ascorbic acid content 
of 30 strawberry, 27 red raspberry, and 20 blackberry and dewberry vari- 
eties and selections are shown (Tables 1, 2, and 3). The mean ascorbie acid 
content of the strawberry varieties and selections ranged from 52.6 to 107.1 
mg. per 100 grams of fresh fruit. The range in ascorbic acid content of 
raspberries was 17.7 to 37.0 mg., and in blackberries and dewberries 12.1 
to 27.5 mg. Although the values for each variety and selection varied 
during the season, they mostly tended to remain within either a low, a me- 
dium, or a high range. Thus, ascorbie acid content of the highest ranking 
strawberry selection ranged from 120 to 90 mg., while that of the lowest 
ranged from 58 to 48 mg. It is evident from these data that the genetic 
constitution ef a variety has a determining influence on its ascorbie acid 
content. 

The strawberry selections and recently introduced varieties mostly have 
been derived through several generations of breeding from two or more 
varieties (Table 4). Those utilized most often in the original crosses were 
Marshall, Ettersburg 121, and Clark. The native wild species, Fragaria 
chiloensis and F. ovalis, and certain varieties originated by the United 
States Department of Agriculture also were crossed with these Western 
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varieties and species. Later, selections from progeny of the earlier crosses 
were back-crossed, and crosses between selections have been made also. In- 
sufficient information is available regarding the ascorbic acid content of 
the varieties and selections used in breeding to determine how ascorbic 
acid potency has been transmitted. The data suggest, however, that certain 
varieties have been more influential than others in obtaining progeny with 
high ascorbic acid content. Thus, Marshall appears in nine of the 12 
highest but in only three of the 12 lowest rating varieties and selections. 
Furthermore, the average percentage of Marshall is greater in the 12 


TABLE 1 


Ascorbie Acid Content of Strawberry Varieties and Selections 



































Number Ascorbic acid in fresh fruit 
— . Plot of 
Variety or selection samples Range Mean ? 
mg./ mg./ 
100 gm, 100 gm. 
i  stcteictacoveniocsicadorateiviccaeniemnnernt 3 4 120-90 107.1 
RIND I icc ccs cncnccncteevesatecerccticnsistnvonteenbenetstorentoed 1 3 106-98 103.2 
CN cg icikcescssecepccstacesssssvivcicercriowannninsenteren 1 5 105-91 98.4 
I ie ccc ven concosvincinnedenedsnsdepscnncninesoneniaiadel 2 4 108-86 97.3 
Es i aciscssceoccvinsiaudauicninuvenrceesooavanmmescsactieninl 1 6 105-89 96.3 
iiss pa siniccs touiscneseessnemebanlaanaanondl 3 5 105-84 95.9 
Rs circ caneosapvnceserssinncocisenaesennmevantobemeebed 3 3 104-90 95.5 
BE cacncccioncedneshiprouicniidemssnadiobameneniadeiieonl 3 108-79 94.3 
Gs sieve vecsscnrsvessesoscosecenensscveotevoesasssivonrees 5 103-85 92.9 
Be oices cnet cosresenveciecssnvessnonctmeanscnsivnieoonnaes 3 4 105-79 92.3 
Ea deiiits eh ivcntiabieeecnieacciiadimonimateias 3 4 95-85 91.9 
CN iii cdpicpnin nb etnbisnmienineisinseiseethcnleas 2 4 98-85 90.5 
i a oncips csv smnaienrnpvacecenvecpedoonaernrnniaand 1 4 94-87 90.3 
Ps cisidssntesnieintishdaniivwennmmnnciniinindaregelion 1 4 94-78 86.1 
=... ccbeiesiionseanecdianiens nae 2 4 88-78 82.8 
NE Si iaaiioicescisccidsvncnsesniarcensassncmndideniaaceiion 1 4 95-74 82.2 
Ore. 1582 3 4 90-70 82.1 
Ore. 1429 1 7 86-74 80.2 
Ore. 1545 2 4 90-63 79.8 
I ccsvere-cssciewcouresnseseneusnereseransiecenmtonseins 1 6 91-66 78.4 
Ore, 158BB...........ccccssocssccsscvescvecrescvenssesssonssensoes 1 6 88-72 78.3 
so disc cdssduchibindeiennemmenerceanenete 2 3 80-74 77.3 
BP iecesesssapsniasncnccomnctrenrtpterveronecenimiaeenctnn 3 6 82-66 76.7 
Ore. 1420 1 5 81-70 76.1 
Ore. 1087 1 6 84-67 75.6 
Maytime...... 3 5 81-62 72.2 
Ore. 1802... 3 5 78-63 71.9 
Ore. 1816.. 3 4 76-66 70.9 
Ore. 1491... 1 6 78-63 70.3 
Ore. 1114 1 6 76-61 68.7 
Ore. 1803 3 5 78-58 68.5 
I sascsctstavccssecpisincconcsovarbonseninnccerbinenl 1 7 73-63 68.0 
I RU citieniiccddssiwinsuhdncnindwevindeseeensesvenvicced Rives 1 6 82-63 66.9 
CR, Fe iptaitiieseieereiscniesmantensanseienmeneienial 1 4 81-59 66.1 
a i ceaithccsacoeviininccinteetienncarecentesessanneuwscdoual 1 4 69-59 64.5 
U.S. 3378.... 3 5 68-54 64.4 
Ore. 1090... 1 5 65-55 60.5 
Ore. 1082.. 3 4 62-49 55.3 
Ee iiiinicisectnriistaiseasenss 3 6 58-48 52.6 








1 Significant difference at five-per cent level = 9.8 mg. 
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highest than in the 12 lowest rating selections. The varieties, Clark, Pro- 
gressive, and F’. chiloensis, also appear more often in the selections having 
high ascorbic acid content. 

In red raspberries the majority of the selections (Table 2) originated 
from crosses of Lloyd George with other varieties. Fruit of Lloyd George 
was not available during the current season, but data from the states of 


TABLE 2 
Ascorbic Acid Content of Red Raspberry Varieties and Selections 





























umber | Axgurticacid i 
Variety or selection Parentage of a 
samples Range Mean ? 
mg./ mg./ 
100 gm. 100 gm. 
oy TE Lloyd George x Chief 3 43.34 37.5 
I ick cadinocusessiticnignisctocsioninil Unknown 5 41-32 37.0 
iri idiessipdncseubckvepdaddohiccess:écccisines Native sp. x Minnetonka 5 38-35 36.1 
es ME ccssccsdecscessessinstvereninviiincd L. George x Newburgh 5 40-34 35.7 
SE aia eee Viking x L. George 5 36-33 34.6 
Se ene Latham seedling 4 37-33 34.6 
EE ATS Ranere x L. George 6 37-33 34.2 
RTE: Unknown 5 36-29 32.2 
o_O TET: Newburgh x L. George 6 34-27 31.0 
ars bapicncsrsisbdeniniveiesmenvennoeeivies Unknown 5 34-27 29.2 
I ii csschoprbidesthnidebdnncouctcoavessstous Cuthbert x L. George 4 32-26 28.1 
i, a OE Viking x L. George 3 33-25 27.9 
lL _, SES ee one ree Viking x L. George 3 27-25 26.3 
See eee er L. George x Cuthbert 6 30-21 26.0 
PE I iss icievectaisoeseiecaoianbenienonenauiee Viking x L. George 4 29-24 26.0 
cg Re RE Viking x L. George 3 27-23 25.7 
iss sicicicescescassseeseebandisemecened Newman x L. George § 29-21 24.7 
SII sloscaconcioantaceseanenvpitomenioied Newburgh x L. George 4 26-23 23.9 
ST hcteiiciniidciiisitiinesinniaiisiainadil Cuthbert x L. George 5 29-21 23.8 
TA LTTE: Unknown 5 26-21 23.2 
Pi cite ces aeell Cuthbert x L. George 5 26-20 22.7 
steak vicciavstvavcctnnssencsebrensesend Viking x L. George 4 25-21 22.5 
SS veh cssievaisvenctenjeusvnsnsonseceinies Cuthbert x L. George 3 23-21 21.4 
NS I ssscesssencesicvessecuicevnseioscocwared Cuthbert x L. George 4 24-18 21.0 
DEIN ss: soins vesavesguyudaencanernvescascibl L. George x Cuthbert 6 22-19 19.3 
I siSokessiesnssvteatnmvarsieeninintod Latham x L. George 7 23-16 19.1 
NN I ais ciicaesnleespocsncsccadascdecaivninnn L. George x Cuthbert 4 21-16 17.7 
1 Significant difference at five-per cent level = 3.3 mg. 


Washington and New York indicate that it is comparatively low in ascorbic 
acid content (13 to 17 mg.). The selections rating high were found to be 
from crosses of Lloyd George with Chief, Ranere, and Newburgh. The 
varieties, Chief and Ranere, were high in ascorbic acid content, while 
Newburgh has been reported by Kirk and Tressler (1940) to be of high 
potency in New York but of lower potency in North Carolina by Lineberry 
and Burkhart (1942). The majority of the selections low in vitamin C 
content are from crosses of Lloyd George with Cuthbert, a low-ranking 
variety. However, certain exceptions can be noted. The variety, Taylor, 
originating from a cross of Newman x Lloyd George, had a mean of 24.7 
mg., which is higher than one parent but considerably lower than the other. 
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Progeny of Viking x Lloyd George were found to be variable in ascorbic 
acid content. 

In blackberries and dewberries the two highest rating selections origi- 
nated from crosses between Zeilinski and Logan, both of which rank high 
in this group of small fruits. The Pacific blackberry, which also originated 
from this cross, was intermediate in ascorbic acid content. The selections, 
Ore. 609 and Ore. 676, both low in ascorbic acid, originated from a cross 
of Black Logan x Youngberry, which varieties are low and intermediate, 
respectively, in potency. Selections having Himalaya as a parent were 
variable in their ascorbic acid content. 


















































TABLE 3 
Ascorbic Acid Content of Blackberry and Dewberry Varieties and Selections 
Ascorbic acid in 
Variety or selection Parentage ~— fresh fruit 
samples Range Mean ? 
mg./ mg./ 
100 gm, 100 gm. 
is cainrcccattstissneretanasnaadtecael Zeilinski x Logan 4 34-24 27.5 
ras sanideciersoeeacebtanncnisartaesbatettidihéatee Zeilinski x Logan 6 36-19 26.6 
gia Ha do cesiacrddiaicindevoieciennional Himalaya x Unknown 4 34-20 26.0 
I i ieiicencivscosiaeniennaeaaien Seedling of Auginbaugh 5 34-17 25.8 
I assiicencevensciscimisnonsecapbeesigtdinicied Unknown 4 28-22 25.4 
Ore. 731..... Santiam x Himalaya 6 31-21 25.2 
Ashton Cross Unknown 3 26-23 24.2 
WIR icccccceciucinteaitactnmeaiiaiens Phenomenal x Mayes 3 29-22 23.8 
Pacifie cicada aise Zeilinski x Logan 5 27-20 22.6 
DEN sini isechcitteadesnesevosinsionne Unknown 3 27-19 21.7 
SR re ictireccessnienentacninvenei Pacific x Boysen 3 25-18 21.4 
BOE piiescnantonssccahasnveveccmmaniereuiedl Unknown 4 25-14 20.5 
a ae IN TORS Seedling of Young 3 24-16 20.5 
RI sictniitieedsaveteinntptescnnisenaiiiaia Unknown 5 22-13 17.7 
i  ciaieminctanitcsnaseann Himalaya x Evergreen 3 19-14 16.4 
OR iciiccctsninnscicasnicnsiiadcntiedmntaes Black Logan x Young 5 23-12 16.2 
Ore. 266 Himalaya x Texas 4 18-13 16.1 
Ore. 676.. Black Logan x Young 4 20-13 16.0 
Black Logan...............++ ...| Unknown 4 18-11 14.0 
Texas (Eldorado )............cccccessseeee Unknown 3 12- 12.1 
1 Significant difference at five-per cent level = 3.7 mg. 


Hereditary differences in the ascorbic acid concentration of strawberry 
varieties and selections do not appear to be associated with any visible 
plant or fruit characters. Burkhart and Lineberry (1942) have shown 
that size of berry and exposure to light influence ascorbic acid content, 
and these observations have been confirmed in work preliminary to the 
present investigations. The differences owing to these factors, however, 
were not great enough to account for the extreme variability found within 
the various varieties and selections. With respect to light, some of the 
highest ranking selections bore the berries densely shaded by the leaves; 
while others, consistently low in ascorbic acid, bore the fruit on long up- 
right stems, fully exposed to the sun. Color of ripe fruit, vigor of plant, 
and amount of leaf surface apparently have little influence. Fruit from 
strawberry plants affected with ‘‘red stele’’ disease, which greatly reduces 
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vigor, were found to contain as much ascorbic acid as fruit from unaffected, 
vigorous plants of the same variety. 

The leaves of strawberry plants were found to be high in ascorbic acid, 
ranging from 319 to 435 mg. per 100 grams fresh weight. The concentra- 
tion of ascorbic acid in the leaves of raspberry selections and varieties 
ranged from 182 to 245 mg. No correlation, however, was found between 
the amounts of the vitamin in the leaves and in the fruit. These data 
indicate that some varieties may have greater ability than others for 
translocation of ascorbic acid (or a precursor) from the levels to the fruit. 
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Fig. 1. Ascorbic acid content of strawberries in relation to climatic conditions dur- 
ing the harvest season. 


Seasonal Variability Within Individual Varieties and Selections: The 
ascorbic acid content of individual varieties and selections fluctuated more 
or less during the harvest season (Tables 1, 2, and 3). In the case of 
strawberries, these fluctuations can be accounted for in part by differences 
in climatic conditions at various periods during the season. Strawberries 
picked during periods of prevailing sunshine generally tended to be 
higher in ascorbic acid than those picked during periods of cloudy weather 
(Fig. 1). Evidence for the influence of light was obtained in the follow- 
ing experiment: Two plots of Marshall plants were covered with frames 
constructed with single and double layers of unbleached muslin. On a 
third plot the clusters of berries only were covered with muslin bags, while 
on the fourth plot the leaves and fruits were left uncovered. After a 
period of 21 days, ripe berries from each plot were analyzed for ascorbic 
acid. The-results show (Table 5) that berries grown and ripened under 
reduced light intensity contained less ascorbic acid than those ripened on 
plants fully exposed to the light. Shading the entire plants resulted in a 
much greater reduction in ascorbie acid than did shading of the berries 
only. These data indicate that while the berries are able to synthesize a 
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portion of the vitamin C which they contain, the larger amount is syn- 
thesized in the leaves and translocated to the fruit. 4 

The ascorbie acid content of red raspberries was found to be affected 
also by light intensity. Berries of two selections grown and ripened under 
black sateen bags contained 23 and 15.1 mg. of ascorbic acid, while fruit 
of the same selections grown and ripened in the open contained 30.5 and 
18.6 mg., respectively. No significant differences, however, were found 
between the ascorbic acid content of berries collected from the north and 
south sides of the rows. 


TABLE 5 
Effect of Shading on Ascorbic Acid Content of Strawberries 














Treatment Ascorbic acid 

mg./100 gm. 
EEE Re ERE, en DR TN Ea RO TN 80.2 
RI AI SN scivedicnossnninsiainesivenctevivdvscoousessesseuteceseotseees 70.9 
ike cusind silepaasnsoncaicaaldmieaninnieneiehiliaaes 64.4 
UI IN TI <tc sasicsicsupainenedectanel bonevesseonibevessouaebianecee’ 47.6 





Seasonal fluctuations in the ascorbic acid content of raspberries ranged 
from two to nine mg. (mean, 5.6 mg.) for the 27 varieties and selections 
tested. This comparatively low variation may be accounted for partly by 
uniformity in the amount of clear weather prevailing during the harvest 
season of these fruits. Some selections of blackberries and dewberries 
showed little fluctuation from one picking to another, while others varied 
considerably. In some cases there was a noticeable trend towards a de- 
erease in ascorbie acid content as the season advanced. In the Cascade 
blackberry the ascorbic acid contents of six samples collected from the 
beginning to the end of the season were 35, 36, 24, 24, 20, and 19 mg., 
and for Logan 34, 28, 28, 24, and 26 mg. Several other varieties and selec- 
tions showed similar consistent decreases. 


TABLE 6 
Ascorbic Acid Content of Strawberries Grown on Three Different Plots 
































Ascorbic acid in fresh fruit 
Variety or selection 
Plot 1 Plot 2 Plot 3 
mg./100 gm, mg./100 gm. mg./100 gm. 

EG icsccestncesrivarcasncadatuiaiacnainivedecnncentimatntion i or 82.3 
ios cecsiccscsunsorecotdbectueneusbianteneulesedcispstebenecssert 78.4 6 i 
NN I soi cisavitnentabddibadssdevisessincseemsetsbionbuintnen’ 80.2 90.5 92.3 
Ore. 1541 icaiuilailari cantante iaibeeiaiaiaaivia a ee 107.1 
RN «secs 5.icncteamnniieisiieceunenimoummoeecniaiiasieciueiadinn 82.2 =e. +). 8 
Ore. 1582... seal . * i 82.1 
a ae ae Ae ae Oe ee 96.3 97.3 95.5 











The ascorbic acid content of the same varieties and selections of straw- 
berries grown on different plots (Table 6) showed little variation, with one 
exception. Burkhart and Lineberry (1942) found that values for Klondike 
strawberries grown in six fields in North Carolina ranged from 36.3 to 52.2 
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mg. Variations in soil and other environmental factors may have been 
greater than those encountered in the present experiments. Moreover, some 
varieties may be more responsive to change in environments than others. 


SUMMARY 

A study has been made of the variability in the ascorbic acid content 
of small-fruit varieties and selections grown in Oregon. The range in 
milligrams of ascorbic acid per 100 grams of fresh fruit was 52.6 to 107.1 
for strawberry, 17.7 to 37.5 for red raspberry, and 12.1 to 27.5 for black- 
berry and dewberry varieties and selections. Certain of the selections 
originated by breeding were found to contain more ascorbic acid than 
the commercially grown varieties. 

High ascorbic acid potency in the strawberry selections appeared to 
have been influenced more by Marshall, Clark, Progressive, and F. chiloen- 
sis than by other varieties or species used in breeding. In red raspberries 
the selections highest in ascorbic acid content originated from crosses of 
Lloyd George (low potency) with Chicf, Newburgh, or Ranere (inter- 
mediate to high potency). The highest ranking blackberry selections were 
progeny of a cross between Zeilinski and Logan. Both of these varieties 
are high in ascorbic acid content. 

The ascorbic acid values for individual varieties and selections varied 
during the harvest season. These variations appear to be related to dif- 
ferences in the climatic conditions prevailing during the period of growth 
and ripening. In some varieties of blackberries there was a decrease in 
ascorbic acid content as the season advanced. Strawberries grown on 
several different plots, with one exception, showed close agreement in 
aseorbie acid content. 


REFERENCES 


BURKHART, LELAND, AND LINEBERRY, R. A., 1942. Determination of vitamin C and its 
sampling variation in strawberries. Food Research 7, 332-337. 

KirK, Mary MANN, AND TRESSLER, DONALD K., 1941. Ascorbic acid content of pig- 
mented fruits, vegetables, and their juices. Food Research 6, 395-411. 
LINEBERRY, R. A., AND BURKHART, LELAND, 1942. The vitamin C content of small 

fruits. Proc. Am. Soc. Hort. Sei. 41, 198-200. 

LOEFFLER, H. J., AND PontINnG, J. D., 1942. Ascorbic acid—rapid determination in fresh, 
frozen or dehydrated fruits and vegetables. Ind. Eng. Chem., Anal. Ed. 14, 
846-849. 

MoreELL, S. A., 1941. Rapid photometric determination of ascorbic acid in plant mate- 
rials. Ind. Eng. Chem., Anal. Ed. 13, 793-794. 

SATTERFIELD, G. H., AND YARBROUGH, M., 1940. Varietal differences in ascorbic acid 
(vitamin C) content of strawberries. Food Research 5, 241-245. 

ToDHUNTER, E. Nrige, AND Rossins, Ruts C., 1941. Ascorbie acid (vitamin C) content 
of red raspberries preserved by the frozen-pack method. Food Research 6, 435- 
444. 








RATIO OF SOLUBLE SUGARS, PECTIC MATERIALS, AND 
HEMICELLULOSES TO NITROGEN-FREE EXTRACT 
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How much soluble sugars, pectic compounds, and hemicelluloses are 
furnished by our common edible vegetables? The numerical value of 
these constituents is usually masked by the nitrogen-free extract which in- 
cludes all the carbohydrates except cellulose, part of the cellulosan group, 
some of the lignin, and other constituents. It follows therefore that the 
procurement of information on the content of the constituents found in 
this fraction involves special investigations—Williams, Wicks, Bierman, 
and Olmsted (1940) ; Maynard (1940); Heller and Well (1940)—and the 
data are consequently incomplete. They are present in too-great quantities 
and play too great a role in the economy of the life of the plant to be 
considered as anything but definite entities. The content of this paper 
indicates the extent to which soluble sugars, pectic materials, and hemicell- 
uloses may occur in some of our common vegetables, and their quantative 
relationship to the nitrogen-free extract. The data on the hemicelluloses 
are different from those usually reported in that the values were obtained 
directly by isolating the material. 

Comments concerning the soluble sugars are unnecessary since the em- 
phasis is on the percentage content rather than on qualitative differences. 
Pectic materials include free pectin, protopectin, and pectates. No attempt 
was made to differentiate between these fractions; hence the values re- 
ported include all fractions determined as calcium pectate. According to 
a differentiation by Hawley and Norman (1932), hemicelluloses may be 
classed as polyoses, polyuronides, or cellulosans. In this paper the term 
hemicellulose includes the above fractions, thereby including all polysac- 
charide material associated with the cell walls which is soluble in dilute 
alkali, but excluding pectic and. water-soluble materials. 


EXPERIMENTAL PROCEDURE 

Several pounds of each fresh vegetable * were obtained, at as near the 
same time of day as possible and at comparable stages of maturity, direct 
from the fields consisting of Merrimac fine sandy loam soil. The material 
was cut up and dried in a forced-draft, hot-air oven operating at about 
60°C.(140°F.). The dried samples were then finely ground in a Wiley mill. 

Soluble sugars were extracted with hot 80-per cent ethyl alcohol. The 
aqueous solutions of the sugars were clarified, then hydrolyzed with hydro- 
chlorie acid at room temperature. The reducing power was determined by 
the Lane-Eynon method (1940). 


* Contribution 507 of the Massachusetts Agricultural Experiment Station. 
* The author is indebted to Mr. W. H. Lachman, of the Department of Olericulture, 
for samples used in this investigation. 
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The determination of pectic substances was preceded by an extraction 
with hot 80-per cent ethyl alcohol until the extract was substantially free 
from pigment. The residue was then dried and extracted with 0.6 per 
cent dibasic ammonium citrate at 80°C.(176°F.) for a total of about 45 
hours. Calcium pectate was determined in these extracts according to the 
procedure of Conrad (1926). 

Hemicelluloses were isolated and determined gravimetrically, according 
to Buston (1934). Previous to the actual extraction of hemicelluloses, 
pigments and pectic substances were removed. The total weight of hemi- 
celluloses was corrected for nitrogen and ash. 

Original moisture was determined by the method of Bidwell and 
Sterling (1940), using 25-ml. receiving tubes. 


TABLE 1 


Content of Nitrogen-Free Extract, Total Sugars, Hemicelluloses, and Pectic Compounds 
on a Dry-Matter Basis in Some Common Vegetables 









































Nitro- Soluble Pectic Hemi- Ratio 
Vegetable cstrectt | swears | “ae | Sosee CLD 
(A) (B) (C) (D) B/A A 
pet. pet. pet. pet. 
Asparagus, Asparagus officinalis L.....| 42.90 14.67 Trace 4.70 342 .110 
Cabbage, Brassica oleracea L 57.7 33.09 4.57 5.20 573 .169 
Carrot, Daucus carota L............ 7. 51.40 7.41 6.72 .663 182 
Celery, Apium graveolens L...............+++ 50. 9.67 7.38 5.38 192 .253 
Dandelion, Taraxacum officinale W..... 48.18 7.49 7.81 6.12 2155 .289 
Eggplant, Solanum melongena L......... 60.47 29.35 11.03 7.74 485 310 
Head lettuce, Lactuca sativa L............ 53.25 20.60 4.00 3.46 .387 .140 
Kale, Brassica oleracea L., ° 
Ee ee 9.67 4.55 oe hae 2 ae 
Peppers, Capsicum frutescens L.......... 64.73 37.46 7.68 4.30 O79 185 
Radish, Raphanus sativus L................+: 54.34 19.05 7.78 4.38 351 224 
Spinach, Spinacia oleracea L................ 33.07 4.06 11.58 5.70 | .123 523 
String beans, Phaseolus vulgaris L...... 57.83 24.35 5.02 9.06 421 .243 
Squash, Cucurbita maxima D 86.45 48.76 3.32 12.00 64 177 
Turnip, Brassica rapa Lau.........eeceeeee 73.94 49.10 5.07 4.16 .664 125 





1 Holland and Ritchie (1941). 


The data presented indicate that the percentage content of soluble 
sugars may range from about four to 51 per cent of the dry matter (Table 
1). These values represent about 12 to 66 per cent of the nitrogen-free 
extract, depending upon the type of plant. 

The pectic materials and hemicelluloses, collectively, may constitute 
about five to 19 per cent of the dry matter which represents about 11 to 
52 per cent of the nitrogen-free extract. Although these substances have 
a variable and questionable nutritive value, the evaluation of their full 
significance to the human body should be reserved until further work has 
been done on their physical and chemical nature. 

From the above data it is evident that the amount of soluble sugars, 
pectic compounds, and hemicelluloses varies with the species, and that the 
numerical value of the nitrogen-free extract gives little information re- 
garding the relative amounts of these fractions. 
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This is the third paper of a series | Porter, Schlaphoff, Wharton, Briant, 
and Beltz (1944) ; Porter, Wharton, and Beltz (1944)] concerned with the 
effect of cooking, home drying, and marketing on the nutritive value of 
some horticultural varieties of Beta vulgaris and deals with the riboflavin 
content of Swiss chard. The high riboflavin content of leafy green vege- 
tables makes information concerning the effect of processing on this vitamin 
especially important at a time when other good sources of riboflavin, such 
as meat, milk, and eggs, are scarce and expensive. 

The literature concerning the riboflavin content of Swiss chard is 
limited ; and that relating to the effect of cooking and dehydration on the 
riboflavin content of vegetables is not extensive. The riboflavin content of 
Swiss chard is 15 micrograms per gram of dry matter, according to Hodson 
(1940), who used a fluorometric method of analysis. The loss of riboflavin 
in processing most vegetables is evidently small. Strong, Earle, and Zeman 
(1941) reported that storage, cooking, or preservation of foods resulted 
in no considerable loss of riboflavin, and surprisingly little was removed 
by boiling vegetablés in water. When cooked in a small quantity of water, 
peas, lima beans, and green snap beans lost no riboflavin—Rose and 
Phipard (1937) and Farrell and Fellers (1942)—while cooking increased 
the availability to the rat of the riboflavin of pinto beans—Lantz (1939). 
Oser, Melnick, and Oser (1943), on the other hand, found that fresh vege- 
tables lost from three to 45 per cent of their riboflavin on cooking, the 
loss varying with the type of vegetable and being greater when the 
vegetable was started in a large amount of cold water than when a minimal 
quantity was used. Losses in riboflavin content of raw, frozen, and canned 
vegetables, when cooked and served in an industrial cafeteria, were 22 
to 45 per cent, according to Heller, MeCoy, and Lyons (1943). The work 
of Farrell and Fellers (1942) and that of Cruess (1943) indicates that 
there is little or no loss of riboflavin during the dehydration of vegetables. 
Farrell and Fellers (1942) found little loss even on long storage of the 
dried product. 

In this investigation the effects of cooking, holding after cooking, home 
drying, and storage for marketing on the riboflavin content of two varie- 
ties of Swiss chard were studied. 


EXPERIMENTAL PROCEDURE 


The first paper of this series by Porter, Schlaphoff, Wharton, Briant, 
and Beltz (1944) gives details concerning the growing, harvesting, sam- 





*Approved by the director of the Michigan Agricultural Experiment Station for 
publication as Journal Article No. 690 n.s. 
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pling, cooking, drying, and marketing methods used. A brief abstract of 
these methods follows. 

Fordhook and Rhubarb chard grown on the college farm was harvested 
in August and September, 1942. These harvestings are referred to as 
Periods 1 and 2, respectively. The leaves were analyzed with midribs but 
without petioles. Two home-cooking procedures were followed, using 
greens equivalent to four servings. By one method, the greens were cooked 
uncovered in twice their weight of rapidly boiling tap water; by the other, 
they were cooked covered without the addition of water except that cling- 
ing to the leaves after washing. These procedures are referred to as 
Methods 1 and 2, respectively. The time required for cooking to a tender 
stage was seven to eight minutes for Method 1 and 21 to 22 minutes for 
Method 2. Institution preparation was carried out by cooking eight-pound 
lots of greens (approximately 30 servings) in an uncovered, steam-jacketed 
kettle in double their weight of rapidly boiling water for seven minutes. 
Cooked greens were held on the steam table for 10 and for 60 minutes. 
By the home-drying method, leaves were blanched five minutes in steam 
and dried with gas heat in a homemade drier for about five hours at a 
temperature under 70°C.(158°F.). The dried chard was cooked uncov- 
ered, without soaking, in 25 times its weight of boiling tap water. The 
length of time required for cooking to a tender stage was about 22 minutes. 
Corresponding samples of dried chard and cooked dried chard were ana- 
lyzed on the same day, all the determinations being carried out within 
six to 15 days after drying. To show the effect of marketing procedure, 
‘freshly harvested leaves were rinsed, covered with wet burlap in bushel 
baskets, and allowed to stand at room temperature for 24 hours. 

The microbiological procedure of Snell and Strong (1939) was used for 
estimation of riboflavin. Samples were homogenized in water in a Waring 
blender and autoclaved with 50 ml. of 0.1 normal HCl. The samples were 
ether-extracted to remove interfering fatty acids, as suggested by Strong 
and Carpenter (1942). Assays were made on aliquots of freshly picked 
leaves removed as controls from each lot to be processed. All samples of 
fresh and processed greens were analyzed in triplicate. 

The significance of differences between the mean vitamin values was 
determined by analysis of variance. 


RESULTS AND DISCUSSION 

The riboflavin content of raw chard of two varieties, picked during 
two periods, is given (Table 1). Averaging data for the two periods, mean 
riboflavin figures of 1.69 and 2.14 micrograms per gram of fresh leaves 
are obtained for Fordhook and Rhubarb chard, respectively. These fig- 
ures are slightly higher than the value of 1.38 micrograms per gram of 
fresh Swiss chard reported by Hodson (1940), using the fluorometric 
method. The higher value obtained in this experiment for the Rhubarb 
chard was not significantly different from that for Fordhook chard, ac- 
cording to analysis of variance. In spite of the care taken to pick greens 
of the same apparent maturity, the riboflavin content of chard harvested 
in August (Period 1) was slightly higher than that harvested in September 
(Period 2). These differences are not statistically significant but are 
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comparable to those obtained by Hunt, Record, and Bethke (1936), who 
found that the vitamin B, and G content of hays decreased as the plant 
matured. 

The standard errors of the means for the riboflavin content of the 
fresh chard leaves ranged from 0.01 to 0.02, values which are not high 
considering the errors inherent in the microbiological method and the diffi- 
culty of sampling the chard. The chard has a large midrib which was not 
removed in the standard sampling procedure. To test the effect of includ- 


TABLE 1 
Riboflavin Content of Freshly Picked Chard? 




















Riboflavin 
Variety and period Moisture Fresh Calculated 
leaves to dry basis 
Fordhook chard gm./100 gm. ug./gm. ng./gm. 
A crisighinicnsecdsbesveipeveslseanpunitepanactainls 91 1.77 19.6 
eich dipCininsiabehieuiiehe Nnisouhesalae bine ond abioiiabeieastaicdaiien 90 1.61 170 
Rhubarb chard ' 
RII siira a ticciisstacapaigakeiahiedineniiicnabnieiemmbidl 89 2.42 21.6 
SI iiccsivie sncletssiinnhiadicas ik aiiaanipciisaldoweaeminbelncenminietiae 90 1.86 18.5 














1 Each figure represents an average of 12 determinations. 


ing different proportions of midrib in the sample, assays in triplicate were 
conducted on one sample each of raw Fordhook and Rhubarb chard leaves 
and midribs. On the dry-weight basis, the leaf blade of Fordhook chard 
contained 19.4 micrograms, while the midrib contained only 2.72 micro- 
grams of riboflavin per gram. Similar results were obtained for Rhubarb 
chard, which contained 22.6 and 3.39 micrograms per gram of dry weight 
in the leaf blade and midrib, respectively. This higher proportion of 
riboflavin in the leaf portion confirms the work of Hunt, Record, and 
Bethke (1936), who found that leafiness in hay was correlated with its 
vitamin B, and G content. ; 

The effect of home cooking on the riboflavin content of chard (Table 2) 
indicates that the average riboflavin loss from chard cooked in a moderate 
quantity of boiling water was 54 per cent, while that of chard cooked with 
no added water was 31 per cent. The difference between these losses was 
significant, according to an analysis of variance calculated by using fig- 
ures on the fresh-weight basis. Since riboflavin is soluble in water, it is 
quite possible that more of this vitamin was dissolved when a moderate 
quantity of water was used than when no water was added. However, no 
analyses of the cooking water were made, since the emphasis in this study 
was on the vitamin content of the vegetable as served. An additional 
explanation: of the losses observed is suggested by the work of Williams 
and Cheldelin (1942) on the effects of increased pH and of temperature 
in aiding the photochemical destruction of riboflavin. Chard cooked in a 
moderate quantity of water was not covered and was immersed in rapidly 
boiling tap water of alkaline reaction (tap water boiled three minutes and 
cooled had a pH of 8.4 to 8.7). Hence, there was greater opportunity for 
an alkaline medium, a higher initial temperature, and more light to acceler- 
ate photochemical destruction than with chard to which no water was 
added. 
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The greater variation in the riboflavin content of cooked chard com- 
pared with fresh chard is indicated by standard errors of the mean of 
0.01 to 0.03 per cent for chard cooked in a moderate amount of water 
and 0.01 to 0.04 per cent for that cooked without added water. This would 
be expected since slight variations in the cooking method as well as sam- 
pling errors undoubtedly occurred. 


TABLE 2 
Effect of Home and Institution Cooking on Riboflavin Content of Chard’ 




































[ " Fordhook chard | Rhubarb chard 
reatment and constituents | 
of samples Period 1 Period 2 | Period 1 Period 2 
Home cooking 
Riboflavin in fresh raw sample (dry wt., 
ug./gm., control for Methods 1 and 2)............. 21.5 18.4 24.2 21.9 
Method 1?: 
MEMEO CET 208 GIA.) nnesccssicscicsscocoscsonesessenies 92 91 90 91 
Riboflavin— ; 
Ch Te 0.70 1.21 0.95 0.63 
Dry (#g./gm.) 8.2 13.5 9.9 7.0 
SEE ee ee Te: 62 27 59 68 
Method 2°: 
Moisture (gm./100 gim.)........0:.cccrscscscsssescocesseees 90 89 88 89 
Riboflavin— 
DOT IBD sscsicscnceccryecneccsenesionenseved 1.64 1.48 1.87 1.61 
CB I a TOR 15.6 13.2 15.5 14.4 
I ND sais vasiicevisavisstccccecsassvisveeevninceseees 27 28 36 3 
Institution cooking 
Riboflavin in fresh raw sample (dry wt. 
ug./gm., control for Methods 3 and 4)........ 17.6 15.5 19.0 15.1 
Method 3*: 
Moisture (gm./100 gm. )........cc...ccccsccscsscessseses 90 92 90 91 
Riboflavin— 
ee eT 0.64 0.57 1.09 0.90 
IN I ND os snisassissednsuconsessuisessssisorsnawesexicerd 6.6 6.6 10.8 10.1 
I iiss ecincosutea creases obcetecdbeoivcurioiaoncteesees 62 57 43 33 
Method 4°: 
Moisture (gm./100 gm. )...........cccsccsesssessessrenes 89 90 88 9] 
Riboflavin— 
Fn Ls a ee 0.71 0.94 1.59 0.81 
Dry (fg./ gm.) ..c.cccccccseeee 6.3 9.2 13.2 8.6 
a a a 64 41 | 2 | 43 





1Each figure represents an average of six determinations. * Cooked in a moderate quantity of 
rapidly boiling water. * Cooked in water clinging to the leaves after the last rinsing. * Held on 
steam table 10 minutes. * Held on steam table 60 minutes. 


The loss of riboflavin from chard cooked by an institution method and 
held 10 minutes was 33 to 62 per cent, while chard held for 60 minutes lost 
31 to 64 per cent (Table 2). The losses occurring during these two holding 
periods were not significantly different, according to an analysis of vari- 
ance. Perhaps different results would have been obtained if the greens 
had been exposed to more light while on the steam table. The tests were 
carried out when dormitory meal service was not being conducted, and the 
light was not as bright as during cafeteria service. 

The riboflavin contents of home-dried chard and of dried, reconstituted, 
cooked chard (Table 3) show that the average riboflavin content of all the 
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samples of home-dried’ chard was 15.6 micrograms per gram, which is 
higher than the value of 11.2 micrograms per gram given in a review by 
Cruess (1942). The total loss of riboflavin from chard during the home- 
drying process was seven to 39 per cent. A further loss, which was statis- 
tically significant, occurred during reconstitution and cooking, so that the 
chard as served had lost 40 to 63 per cent of the riboflavin content of the 
fresh chard. Such losses compare favorably with those which occurred 
while cooking the fresh chard in a moderate amount of water (Table 2). 
Since analyses of the dried chard were made within six to 15 days after 


TABLE 3 


Riboflavin Content of Home-Dried Chard, Home-Dried and Cooked Chard, 
and Fresh Chard Stored for Marketing’ 


























Ticatiaiinih anit citi cite Fordhook chard Rhubarb chard 
of samples Period 1 | Period 2 | Period 1 | Period 2 
Home-dried 
Riboflavin in fresh raw sample 
(dry basis, “g./gm.) wf 21.5 21.3 26.6 | rcs. 
Home-dried : 
ps | ee 7.3 7.9 a oe 
Riboflavin— 
Biome Grid CET IIR. ) occscnsseceosesessenseevesesessees 18.4 13.9 14.6 oo 
Home-dried (dry basis, #g/gm..)..........-.+-+ 19.9 15.1 a eres 
PI aoc ctavecatonnsesniencesensiresacesiesscnel 7 29 |) was 
Home-dried and cooked 
pL gf. eS 86 89 Wo T, cee 
Riboflavin— 
Te I FIO) issicssceriercisncccscnnscsscescenes 1.30 1.46 * fio 
As served (dry basis, Mg./gm. )............:0000 10.5 12.7 Oe Fs 
ANE a iaceciocsieccaincennevensbieensrenstetncnnnvearanss 51 40 a eee 
Stored for marketing : 
Riboflavin in fresh raw sample 
CR CN I ii caieceenesersivniveonesevovesssnivy 23.8 18.4 21.4 | 21.9 
Held 24 hours at room temperature: 
Moisture (gm./100 gm. )........cccsccsccsrsssscescerseeres 91 92 90 91 
Riboflavin— 
After holding (Mg./gm. )........csscssssesseeseeeees 2.15 1.28 2.05 1.34 
After holding (dry basis, #g./gm.)........... 25.0 17.6 20.9 14.6 
Change from fresh value (pct.)............+ 5 —4 —2 —33 








1 Each figure represents an average of six determinations. 


drying, riboflavin losses which might occur on storage of the dried product 
were not measured. 

The change in the riboflavin content of chard held for 24 hours at room 
temperature in a basket under moist burlap to simulate marketing condi- 
tions varied from a gain of five to a loss of 33 per cent (Table 3). The 
variability of the results may have been due to variations in the room 
temperature. 

SUMMARY 

The riboflavin content of two varieties of Swiss chard, Fordhook and 
Rhubarb, was determined microbiologically; and the effects of cooking, 
holding after cooking, home drying, and storage for marketing were 
investigated. 
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The average riboflavin content of Fordhook and Rhubarb chard was 
1.69 and 2.14 micrograms per gram of fresh leaves, respectively. 

Chard cooked covered with no water except that clinging to the leaves 
after washing retained more riboflavin than chard cooked uncovered in a 
moderate amount of boiling water. 

Chard cooked by an institution method retained about the same quan- 
tity of riboflavin when held for 10, as compared with 60, minutes. 

Home-dried chard contained two-thirds or more, while dried, recon- 
stituted, cooked chard retained about one-half of the original riboflavin. 
The riboflavin content of dried, reconstituted, cooked chard compared 
favorably with that of fresh chard cooked in a moderate quantity of 
boiling water. 

The change in riboflavin content of chard held in a moist condition 
for 24 hours, as for marketing, was variable and not significant. 


ACKNOWLEDGMENT 


The authors wish to acknowledge with sincere thanks the technical 
assistance of A. M. Briant and E. J. Radulescu in cooking and drying the 
greens; the co-operation of Dr. W. L. Mallmann in arranging for use of 
facilities in the Bacteriology Laboratories at Michigan State College; and 
the help of Ruth M. Griswold in preparation of the manuscript. 


REFERENCES 

Crugss, W. V., 1942. The nutritive value of dried fruits and vegetables. Fruit Products 
J. 32, 191-314. 

———.,, 1943. The nutritive value of dried fruits and vegetables. Fruit Products J. 22, 
171-174. 

FARRELL, K. T., AND FELLERS, C. R., 1942. Vitamin content of green snap beans. Influ- 
ence of freezing, canning, and dehydration on the content of thiamin, riboflavin, 
and ascorbic acid. Food Research 7, 171-177. 

HELLER, C. A., McCoy, C. M., anp Lyon, C. B., 1943. Losses of vitamins in large scale 
eookery. J. Nutrition 26, 377-383. 

Hopson, A. Z., 1940. Riboflavin content of some common vegetables and fruits. Food 
Research 5, 395-398. 

Hunt, C. H., Recorp, P. R., anp Beruke, R. M., 1936. The influence of the stage of 
maturity on the chemical composition and the vitamin B (B:) and G content 
of hays and pasture grasses. Ohio Agr. Expt. Sta. Bull. 576. 

Lantz, E. M., 1939. Effect of cooking on the riboflavin and vitamin Bs content of pinto 
beans. N. Mex. Agr. Expt. Sta. Tech. Bull. 268. 

Oser, B. L., MELNICK, D., AND OsEr, M., 1943. Influence of cooking procedure upon 
retention of vitamins and minerals in vegetables. Food Research 8, 115-122. 

Porter, T., SCHLAPHOFF, D. M., WHARTON, M. A., BRIANT, A. M., AND BeEwtz, R. M., 
1944. Ascorbie acid content, color, and palatability of fresh and processed 
Swiss chard and beet greens. Food Research 9, 268-277. 

——., WHARTON, M. A., AND BELTz, R. M., 1944. Carotene and chlorophyll content of 
fresh and processed Swiss chard and beet greens. Food Research 9, 434-441. 

Rosr, M. 8., AND Purparp, E. H. F., 1937. Vitamin B and G values of peas and lima 
beans under various conditions. J. Nutrition 14, 55-67. 

SNELL, E. E., AND Strone, F. M., 1939. A microbiological assay for riboflavin. Ind. 
Eng. Chem., Anal. Ed. 11, 346-350. 

Srrone, F. M., anD CARPENTER, L. E., 1942. Preparation of samples for microbiological 
determination of riboflavin. Ind. Eng. Chem., Anal. Ed. 14, 909-913. 

, EARLE, A., AND ZEMAN, B., 1941. Distribution and stability of riboflavin and 

panthothenie acid in biological materials. Proc. Am. Soe. Biel. Chem., J. Biol. 
Chem. 140, p. CXXVIII. 

WinuiaMs, R. R., AND CHELDELIN, V. H., 1942. Destruction of riboflavin by light. 
Science 96, 22-23. 





ASCORBIC ACID, THIAMIN, RIBOFLAVIN, AND CAROTENE 
CONTENTS OF ASPARAGUS AND SPINACH IN THE 
FRESH, STORED, AND FROZEN STATES, BOTH 
BEFORE AND AFTER COOKING?? 
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No comparisons have been found in the literature on the ascorbic acid, 
thiamin, riboflavin, or carotene contents of cooked fresh, cooked stored, 
and cooked frozen vegetables from the same lots. 

Several studies have been reported on the loss of ascorbic acid from 
fresh and frozen asparagus and spinach during cooking, but the results 
show great variation. Less information was found on the thiamin, ribo- 
flavin, and carotene contents of these vegetables in the garden-fresh and 
in the frozen states. Information regarding losses of these vitamins during 
cooking and storage is scarce. 


REVIEW OF LITERATURE 


Vitamin Content of Fresh Asparagus and Spinach: The ascorbic acid 
content of asparagus has been reported as 12.5* milligrams per 100 grams 
by Hahn (1931) ; 25* by Fellers, Young, Isham, and Clague (1934) ; 12* 
by McHenry and Graham (1935) ; 25.9 by Chu and Read (1938) ; 18 to 44 
by Fitzgerald and Fellers (1938) ; 20 to 30 by Thornton (1938) ; 16.7 by 
Fujita and Ebihara (1939) ; 100.7 and 45 by Burrell and Ebright (1940) ; 
60 to 120 by Wolf (1940, 1941); and 43 and 55 by Jones and Fenton 
(1943). 

The ascorbic acid content of spinach has been reported as over 50 mg. 
per 100 gm. by Eddy, Kohman, and Carlsson (1925); 50 by Kifer and | 
Munsell (1932); 36.9 to 53.3 by Ranganathan (1935); 32.1 to 118.1 by 
Olliver (1936) ; 38 to 113 by Tressler, Mack, and King (1936a,b) ; 123.9 
by Rudra (1937) ; 46.9 by Dunker and Fellers (1938) ; 19.8 by Nagel and 
Harris (1943) ; 33.8 to 69.9 by Cutlar, Jones, Harris, and Fenton (1944) ; 
and 90.4 by Dickerson (1943). 


* This paper is a summary of work presented as a thesis by Ella Gleim to the faculty 
of the Graduate School of Cornell University for the degree of Master of Science. It 
reports work supported by a grant from the Frosted Foods Sales Corporation, New York 
City, utilizing vegetables supplied by the Snider Packing Corporation at Mount Morris, 
New York. 

*Approved by the director of the New York State Agricultural Experiment Station 
as Journal Paper No. 564. 

* Present address, General Electric Co., Bridgeport, Conn. 

*Recalculated assuming that 0.5 mg. per day is the minimum protective dose for 
guinea pigs. 
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The thiamin content of asparagus has been given as 0.195 mg. per 100 
gm. by Fellers, Esselen, and Fitzgerald (1940) ; 0.219 by Mackinney and 
Sugihara (1942) ; and 0.183 to 0.174 by Moyer and Tressler (1943). 


The thiamin content of spinach has been presented as 0.050 mg. per 
100 gm. by Williams and Spies (1938); 0.108 by Fellers, Esselen, and 
Fitzgerald (1940); 0.126 by Conner and Straub (1941); and 0.304 by 
Nagel and Harris (1943). 

The riboflavin content of asparagus has been presented as 0.160 mg. 
per 100 gm. by Fellers, Esselen, and Fitzgerald (1940) and as 0.115 to 
0.113 by Mackinney and Sugihara (1942). 

The riboflavin content of spinach has been found to be 0.436 mg. per 
100 gm. by Fellers, Esselen, and Fitzgerald (1940) and from 0.370 to 
0.460 by Munsell (1942). 

The carotene content of asparagus has been given as 0.700 mg. per 
100 gm. by Zimmerman, Tressler, and Maynard (1941) ; 0.576° by Booher 
and Marsh (1941); and 0.480° by Fellers, Young, Isham, and Clague 
(1934). 

The carotene content of spinach has been reported as 4.30 mg. per 
100 gm. by DeFelice and Fellers (1938) and as 2.460° by Booher and 
Marsh (1941). 

Effect of Storage: Jones and Fenton (1943) reported that 97 per cent 
of the ascorbic acid content of fresh asparagus was retained after 24 
hours’ storage in the hydrator tray of a mechanical refrigerator held at 
1.7°C.(35°F.). Olliver (1936) found that asparagus tips lost 80 per cent 
of their ascorbic acid during four days’ storage at room temperature. 
Fitzgerald and Fellers (1938) noted a 20-per cent loss of ascorbie acid 
from asparagus stored at 21.1°C.(70°F.) for 24 hours. 

Ranganathan (1935) reported losses of 34.2 to 47.8 per cent ascorbic 
acid caused by storage of spinach at room temperature for 24 hours and a 
loss of 95.2 per cent after 192 hours. Tressler, Mack, and King (1936b) 
found that when spinach was stored at room temperature, from 22 to 26°C. 
(71.6 to 78.8°F.), for three days it lost 50 per cent ascorbie acid; when it 
was refrigerated at 1 to 3°C.(33.8 to 37.4°F.) for three days it retained 
nearly all of its original ascorbic acid. Olliver (1936) reported a loss of 
78 per cent from spinach held at room temperature for two days, while 
storage at 0°C.(32°F.) caused slightly less destruction. Rudra (1937) 
noted a 19-per cent loss of ascorbic acid from spinach stored at 5°C.(41°F.) 
for 24 hours. 

Feener, Palmer, and Fitzgerald (1937) found little change in the 
ascorbic acid content of fresh market spinach when stored at 1 to 3°C. 
(33.8 to 37.4°F.); after 72 hours at 21 to 22°C.(69.8 to 71.6°F.) it had 
lost from 50 to 90 per cent of its original ascorbic acid. They also reported 
that broken spinach leaves often contained 60 per cent less ascorbic acid 
than did whole leaves. Fitzgerald and Fellers (1938) found that spinach 
lost 43 per cent ascorbic acid when stored at 21.1°C.(70°F.) for 24 hours, 
and 47 per cent when thus stored for 48 hours. Cutlar, Jones, Harris, and 
Fenton (1944) reported a loss of 10 per cent ascorbic acid from spinach 


° Recaleulated assuming that one I. U. equals 0.6 mg. of carotene. 
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during the preliminary trimming, washing, and draining which extended 
over a five-hour period; this was preparatory to quantity cooking. 

Nothing was found in the literature regarding losses of thiamin, ribo- 
flavin, or carotene from asparagus and spinach during storage. 

Effect of Freezing Procedures: Fitzgerald and Fellers (1938) gave the 
ascorbic acid content of quick-frozen asparagus as from 9 to 32 mg. per 
100 gm.; of fresh cut asparagus, not of the same lots, as from 18 to 44 
mg. per 100 gm. Jones and Fenton (1943) found a 10-per cent loss of 
ascorbic acid on the moist basis from home-frozen asparagus which had 
been blanched by immersion in boiling water for three minutes. When 
the asparagus was blanched by steaming for four minutes, it retained 
almost all of its ascorbic acid. Fellers, Young, Isham, and Clague (1934) 
reported no loss of ascorbic acid from asparagus that had been commer- 
cially frozen. 

Dunker and Fellers (1938) reported a loss of 45 per cent from spinach 
owing to freezing procedures. King and Tressler (1940) stated that spin- 
ach blanched in boiling water for 45 to 60 seconds lost 16 per cent, and 
for 153 seconds, 35 per cent ascorbic acid. Dickerson (1943) reported an 
average ascorbic acid loss of 49 per cent from spinach because of home- 
freezing procedures. 

Fellers, Esselen, and Fitzgerald (1940) found that asparagus lost 22 
per cent of thiamin during freezing. Moyer and Tressler (1943) reported 
a thiamin loss of 16 to 20 per cent from asparagus owing to freezing 
procedures and found the greatest loss during blanching. They found that 
frozen Mary Washington asparagus contained 0.204 mg. of thiamin per 
100 gm. 

Fellers, Esselen, and Fitzgerald (1940) reported the thiamin content 
of frozen spinach to be 0.102 mg. per 100 gm. There was a six-per cent 
loss owing to freezing procedures. Moyer and Tressler (1943) found the 
thiamin content of frozen King of Denmark spinach to be from 0.050 
to 0.059 mg. per 100 gm. 

Fellers, Esselen, and Fitzgerald (1940) reported a five per cent loss of 
riboflavin from asparagus and a nine-per cent loss from spinach owing to 
commercial freezing. 

Losses of carotene from vegetables owing to freezing procedures were 
presented as insignificant by Fitzgerald and Fellers (1938), who deter- 
mined the carotene content of 15 frozen vegetables and compared the 
results with values found in the literature for the fresh vegetables. 
Zimmerman, Tressler, and Maynard (1941) found that asparagus and 
spinach lost little carotene during freezing procedures. DeFelice and 
Fellers (1938) observed that on the moist basis spinach lost 25 per cent 
of its carotene during freezing procedures. 

Effect of Cooking Procedures: The retention of ascorbic acid in cooked 
asparagus was reported as 80 per cent by Hahn (1931); 70 per cent by 
Fellers, Young, Isham, and Clague (1934) ; 68 per cent by McHenry and 
Graham (1935); 73 per cent by Burrell and Ebright (1940); and from 
73 to 86 per cent by Jones and Fenton (1943). Olliver (1936) found the 
tips of cooked asparagus contained 40 per cent and the stems 70 per cent 
of their original ascorbie acid. Jones and Fenton (1943) reported that 
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reducing the amount of water below that required to cover the veget~bles 
resulted in greater ascorbic acid retention. 

The retention of ascorbic acid in cooked spinach was reported as 50 
to 80 per cent by Olliver (1936) ; 33 to 89.7 per cent by Dunker and Fel- 
lers (1938) ; and 23 per cent during quantity cookery by Nagel and Harris 
(1943). MeIntosh, Tressler, and Fenton (1940) found that frozen spinach 
when cooked retained from 66 to 80 per cent ascorbic acid depending upon 
the cooking method used. 

No information was found in the literature regarding losses of thiamin 
or riboflavin during the cooking of asparagus. 

Nagel and Harris (1943) reported that spinach cooked in quantity 
retained 65 per cent thiamin on the dry basis. Roscoe (1930) reported 
that cooked spinach lost about half of the thiamin and riboflavin in the 
cooking water. Hoff (1933) noted that cooked spinach contained about 
half as much thiamin as did raw spinach because of solution of thiamin 
in the cooking water. Aughey and Daniel (1940) stated that spinach lost 
30 per cent thiamin during cooking; 22 per cent was destroyed and eight 
per cent was dissolved in the cooking water. 

Crist and Dye (1929) found that raw and cooked green asparagus gave 
the same growth rate in rats, indicating the same carotene content in both 
products. Cooking of spinach was not harmful to carotene retention aceord- 
ing to Hoff (1933), Hanning (1933, 1936), and Charley (1941). 

The purpose of this study was to determine the effect on ascorbic acid, 
thiamin, riboflavin, and carotene contents of garden-fresh asparagus and 
spinach of (1) storage for 24 hours at room temperature, from 18.8 to 
25.5°C.(66 to 78°F.), (2) storage for one week at 0 to 4.4°C.(32 to 40°F.), 
and (3) commercial quick-freezing. A second purpose was to determine 
whether boiling each of the above lots of vegetables in relatively large 
quantities of water in open pans or boiling them in small quantities of 
water in covered pans would result in better retention of vitamins and at 
the same time give a palatable product. The former method has been the 
.usual one for cooking green vegetables. 

EXPERIMENTAL PROCEDURE 

History of Vegetables: The vegetables used throughout the entire 
study were from the same lots. They were grown in silt loam soil of the 
Genesee valley region in New York state. The asparagus was of Mary 
and Martha Washington variety and the spinach of a thick-leafed variety, 
Heavy Pack. The spinach was all grown within a radius of five to 10 
miles from the quick-freezing plant. The asparagus was grown from one- 
half to one mile away. Both vegetables were part of the regular supply to 
be prepared and frozen for the Frosted Foods Sales Corporation. 

Method of Storage and Freezing: Samples were taken from one field 
and one cutting for each complete study of the fresh, stored, and frozen 
vegetables, including the cooking of these vegetables by two methods. The 
vegetables were brought from the gardens to the freezing plant by truck 
within three to five hours after they were cut. Some of the crated, un- 
washed vegetables were immediately put into the cold-storage room at 
0 to 4.4°C.(32 to 40°F.) to be sampled and cooked at the end of a week. 
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Another portion was left in the crate in the laboratory for 24 hours, at 
which time it was sampled and cooked. The laboratory temperature varied 
from 18.8 to 25.5°C.(66 to 78°F.). The vegetables were loosely packed in 
uncovered wooden crates and were exposed to the light naturally present 
in the room. 

The rest of the asparagus was sent through the freezing line. A portion 
was taken of the medium-sized, 434-inch spears after washing and grading, 
that is, just before the blanching. This fresh asparagus was immediately 
sampled and cooked. It was found easier to wash and grade the fresh 
spinach in the laboratory instead of interrupting the factory line to get 
the fresh, washed samples; however, the frozen spinach used in the study 
went through the regular commercial processes of cleaning, blanching, 
packing, and freezing. 

Before being frozen the asparagus was steam-blanched for three min- 
utes and cooled in a cold-water spray for three to four minutes; the 
spinach was steam-blanched for one minute and 45 seconds, and cooled in 
a countercurrent water bath. Both vegetables were frozen in a Birds Eye 
multiplate freezer. 

Samples of commercially frozen asparagus and spinach for this study 
were stored at —40°C.(—40°F.) until they could be analyzed. It was 
shown by Jenkins, Tressler, and Fitzgerald (1938b) that there is little 
vitamin C loss in the blanched, frozen product when it is held at this tem- 
perature. Zimmerman, Tressler, and Maynard (1941) pointed out that no 
appreciable losses of carotene occured during storage of the blanched, 
frozen vegetables at either 0 or 14°F. for at least a few months. Moyer 
and Tressler (1943) stored samples of commercially frozen asparagus and 
peas for seven and five months at —12, —22, and —40°C.(10, —8, and 
—40°F.) and found no significant loss of thiamin from these vegetables 
at any of the above temperatures. No information was found regarding 
losses of riboflavin from frozen vegetables because of storage at low tem- 
peratures. Riboflavin is not readily destroyed except in the presence of 
light and heat. Therefore it would not seem likely that riboflavin would 
be lost from the frozen asparagus and spinach stored at —40°C.(—40°F.). 


Method of Sampling: At the end of the storage period the unfrozen 
asparagus and spinach were washed and graded in the laboratory. Care 
was taken to obtain approximately the same proportion of stalk or stem as 
had been used in the frozen vegetable. Neither the asparagus nor the 
spinach was cut before cooking. 

Since the frozen vegetables were taken directly from an extremely 
low-temperature storage room, —40°C.(—40°F.), they were held at room 
temperature for two hours to make temperature conditions more nearly 
representative of the frozen vegetables obtained from the market or locker 
plant. The spears of frozen asparagus were separated before cooking and 
the frozen spinach was cut into approximately one-inch cubes. 

Barnes, Tressler, and Fenton (1943a) reported that a slight defrosting 
of frozen broccoli accomplished by leaving a covered package of solidly 
frozen broccoli at room temperature, 25.5°C.(78°F.), for one and a quarter 
hours resulted in no appreciable destruction of vitamin C. 
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Jenkins, Tressler, and Fitzgerald (1938a) and Fenton and Tressler 
(1938) found no appreciable loss of vitamin C during partial thawing of 
peas. Jones and Fenton (1943) reported that slight defrosting of home 
quick-frozen asparagus and broccoli, by allowing the packages to stand at 
room temperature of 21°C.(70°F.) for one and a half to two hours, re- 
sulted in no loss of vitamin C. Since vitamin C is the least stable of the 
vitamins analyzed, it is likely that no loss of thiamin, riboflavin, or caro- 
tene was caused by the slight defrosting of the vegetables before cooking. 

Before each cooking, samples of the raw vegetables were taken for the 
determination of ascorbic acid, carotene, riboflavin, and thiamin. After 
cooking, both the vegetable and the cooking liquid (when there was suffi- 
cient liquid) were analyzed for the four vitamins previously mentioned. 
Since no appreciable amount of carotene was found in the cooking waters 
of either the asparagus or spinach when cooked in either the large or 
small amounts of water, routine samples were not taken. 

After washing and grading, about 300 grams of the raw vegetable were 
rapidly chopped with a sharp knife on a board and well mixed. Before 
chopping, the asparagus spears were split lengthwise to insure a more even 
distribution of tips and butts. Jones and Fenton (1943) reported that 
tips of raw asparagus contained about twice as much ascorbic acid as did 
the stalks. The tips of blanched and home-frozen asparagus contained 
about one-fifth more ascorbic acid than did the stalks. Samples of the 
chopped mixture were taken immediately for vitamin analyses. The 
drained, cooked vegetable was chopped and sampled in the same way. In 
each case, duplicate samples were taken for analysis except:.in the deter- 
mination of total solids when triplicate samples were taken. 

Chemical Determinations: Ascorbic acid determinations were made 
according to the Bessey and King (1933) chemical-titration method as 
modified by Mack and Tressler (1937). Duplicate samples of both the raw 
and cooked vegetables were extracted with a freshly prepared solution of 
1N. sulfuric acid and two per cent metaphosphorie acid. 

Suitable aliquots of the cooking water were added to chilled extractive 
in 50-ml. volumetric flasks and the flasks were made up to volume. Ali- 
quots of this were titrated for vitamin C. 

Aliquots of the spinach extracts from spinach that had been stored for 
a week were saturated with hydrogen sulfide in order to reduce any 
dehydroascorbic acid to ascorbic acid. The method was essentially that of 
Tillmans, Hirsch, and Jackisch (1932). 

Thiamin determinations were made by an adaptation of the ‘‘Standard 
Thiochrome Assay for the Determination of Thiamin in Cereal Products’’ 
as recommended by the Research Corporation Committee on the Thio- 
chrome Method. The method was adapted for fresh vegetables by Moyer 
and Tressler (1942). Twenty-five-gram samples were ground in a Waring 
blender with approximately 125 ml. of N/10 sulfuric acid. The size aliquot 
of cooking water varied with the method of cooking and the amount of 
cooking water available. Fifty-ml. aliquots were taken of the cooking water 
from the first cooking method and 10-ml. aliquots from the second cooking 
method. In a few cases of the latter method there was only sufficient cook- 
ing water for a five-ml. aliquot. After heating in the steam bath for 30 
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minutes the extract was digested with the enzyme, Clarase, for two hours 
at 50°C. Then the extract was made to volume, filtered, and a 50-ml. 
aliquot allowed to pass through the prepared Decalso column. The thiamin 
was removed from the Decalso by treatment with 25 ml. of 25-per cent 
potassium chloride in N/10 hydrochloric acid. Five-ml. aliquots of this 
were treated with potassium ferricyanide to produce thiochrome and then 
read on the photoelectric fluorometer. 

Riboflavin determinations were made by the microbiological method of 
Snell and Strong (1939). Fifteen-gm. samples were taken in N/10 sul- 
furic acid, ground in a Waring blender, covered with a dark cloth and 
transferred to amber sample bottles. These were autoclaved at 15 pounds 
pressure for 15 minutes, cooled, then neutralized using methylene blue as 
an indicator. Asparagus extract was made up to a two-liter volume with 
distilled water. Spinach extract was made up to a 500-ml. volume. Fifty- 
ml. aliquots of the cooking water were taken from the first method of 
cooking and 10-ml. aliquots from the second. In a few cases by the latter 
method there was not sufficient cooking water for riboflavin analyses and 
in some instances only five-ml. samples were possible. Asparagus cooking 
water samples were made up to 200-ml. volume and spinach cooking water 
samples were made up to 500-ml. volume. One-, three-, and five-ml. aliquots 
of these dilutions were added to five ml. of the basal media. After auto- 
claving, these tubes were inoculated with Lactobacillus casei and allowed 
to incubate at 37°C.(98.6°F.) for three days and then titrated to deter- 
mine the amount of lactic acid produced. 

Carotene determinations were made according to the method of Zim- 
merman, Tressler, and Maynard (1941). Twenty-five-gram samples of 
asparagus and 10 grams of spinach were used. The vegetables were 
ground in a Waring blender with 200 ml. of hot diacetone and filtered 
on a Biichner funnel. After washing the residue with 100 ml. petroleum 
ether, the filtrates were cooled, combined, and transferred to a separatory 
funnel. After the various extractions and washings with petroleum ether, 
diacetone solution, 25 per cent potassium hydroxide in methyl alcohol, 
and water, the petroleum ether was dried by adding anhydrous sodium 
sulfate. Asparagus extracts were made up to 100-ml. volume and spinach 
extracts to 250-ml. volume before they were read in the colorimeter. 

Total Solids: Since there was no vacuum oven available at the Snider 
Packing Corporation at Mount Morris, the samples taken there were finely 
chopped, then weighed into aluminum dry-weight dishes and placed in an 
oven at 98°C.(208.4°F.) for at least six hours. Then they were placed 
in a desiccator and taken to the Experiment Station where the drying was 
completed (18 hours) in a vacuum oven at 70°C.(158°F.) and 28 to 29 
inches of vacuum. The samples taken in Geneva were placed directly in 
the vacuum oven and dried for 24 hours. 

Since it was not possible to analyze the samples taken for carotene, 
thiamin, and riboflavin determinations immediately, these samples after 
being ground in the Waring blender with the extracting fluid were taken 
to the Experiment Station and stored at —17.8°C.(0°F.) until the analyses 
could be made. The maximum holding period for the carotene samples was 
two weeks and for thiamin and riboflavin samples, four weeks. The ascor- 
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bie acid determinations were made at the plant and the determinations of 
the total solids were started as soon as the samples were taken. 


Cooking Methods: In the first cooking method for asparagus 20 times 
as much water was used as in the second method; in the first method for 
spinach 10 times as much water was used as in the second method. In both 
eases the larger amount of water was the maximum given in recipe books 
for cooking these vegetables. With the smaller amounts, danger of the 
vegetables boiling dry was slight and there was little excess water at the 
end of the cooking period (from 25 to 37 gm. for asparagus and from 31 
to 109 gm. for spinach). When the larger amounts of water were used, the 
pan was left uncovered; with the smaller amounts, it was necessary to 
cover the pan to insure uniform cooking of the vegetables and to prevent 
excess evaporation. 

In both methods, 300 gm. of vegetable were used (enough for two 
servings of spinach and four servings of asparagus). In the first method, 
each vegetable was put into a three-quart enamel stew pan, 65% inches in 
diameter and 4 inches deep, containing rapidly boiling salted water (1,200 
gm. for asparagus and 600 gm. for spinach). The water was brought back 
to the boil within two minutes and the vegetable was simmered until 
tender. 


In the second method, each vegetable was placed in a 134-quart enamel 
stew pan, 614 inches in diameter and 3 inches deep, containing 60 grams 
of rapidly boiling water; the pan was covered. The water was brought 
back to the boil within two minutes and the vegetable was simmered until 
tender. 

The rate of evaporation during the cooking was controlled by means of 
a gas plate, manometer, and balance arrangement similar to that described 
by Fenton, Tressler, Camp, and King (1937). 

The total cooking time for fresh and stored asparagus was 10 minutes 
and for the frozen asparagus, seven minutes. The total cooking time for 
fresh and stored spinach was eight minutes and for the frozen vegetable, 
six minutes. 

Palatability Tests: In order to obtain an idea of the acceptability of 
vegetables cooked by these two methods, palatability tests were run for 
fresh and frozen asparagus and spinach. The vegetables were cooked in 
uncovered pans, the asparagus in 1,200 gm. of water and the spinach in 
600 gm. Both vegetables were also cooked in covered pans in 60 gm. of 
water. These samples were labelled A and B and the judges were asked 
to record on a simple score card the surface appearance, color, and flavor 
of the two samples and to note their preference. Ten to 17 judges scored 
each lot of cooked vegetables. 


DISCUSSION OF RESULTS 
Vitamin Content of Fresh Vegetables: The garden-fresh asparagus of 
the Mary and Martha Washington variety contained on the fresh basis 
an average of 43.2 mg. of ascorbic acid, 0.187 mg. of thiamin, 0.318 mg. 
of riboflavin, and 0.432 mg. of carotene per 100 gm. (Table 1). On the 
dry basis the vitamin content was ascorbic acid, 573 mg.; thiamin, 2.583 
mg.; riboflavin, 5.265 mg.; and carotene, 6.094 mg. per 100 gm. 
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The ascorbic acid content ranged from 42.7 to 44.1 mg. per 100 gm. 
on the fresh basis and from 495 to 676 mg. on the dry basis. The thiamin 
content ranged from 0.164 to 0.195 mg. on the fresh basis and from 2.037 
to 2.916 mg. on the dry basis. The carotene content ranged from 0.430 to 
0.434 mg. on the fresh basis and from 5.392 to 6.783 mg. on the dry basis. 


The garden-fresh spinach of the Heavy Pack variety contained on the 
fresh basis 29.8 mg. ascorbic acid, 0.0867 mg. thiamin, 0.213 mg. riboflavin, 
and 4.063 mg. carotene per 100 gm. (Table 2). On the dry basis the 
vitamin content was ascorbic acid, 473 mg.; thiamin, 1.374 mg.; riboflavin, 
3.372 mg.; and carotene 64.656 mg. per 100 gm. 

The ascorbic acid content ranged from 20.2 to 37.9 mg. on the fresh 
basis. The thiamin content ranged from 0.0717 to 0.1074 mg. on the fresh 
basis and from 1.234 to 1.610 mg. on the dry basis. The riboflavin content 
ranged from 0.174 to 0.245 mg. on the fresh basis and from 2.995 to 3.673 
mg. on the dry basis. The carotene content ranged from 3.795 to 4.64 mg. 
on the fresh basis and from 62.113 to 69.543 mg. on the dry basis. 


The highest value for each vitamin was found in the asparagus and 
spinach analyzed at the end of the season. Similarly, Jones and Fenton 
(1943) and Wheeler, Tressler, and King (1939) found that broccoli har- 
vested in the fall was higher in ascorbic acid than that harvested in the 
summer. 

Effect of Storage: After storage in an open wooden crate at room 
temperature, 18.8 to 25.5°C.(66 to 78°F.), for 24 hours the asparagus lost 
40 per cent ascorbic acid, no appreciable thiamin (three per cent), 22 per 
cent riboflavin, and nine per cent carotene (Table 1); the spinach lost 29 
per cent ascorbic acid, no appreciable thiamin, no appreciable riboflavin, 
and little carotene (Table 2). 


After storage for 24 hours at room temperature the losses of thiamin 
from asparagus and spinach were negligible, but the asparagus showed 
a marked loss, 22 per cent, of riboflavin and the spinach, five per cent. 
A partial explanation might be that the loss was due to the amount of 
light reaching the vegetables. The asparagus crate was kept on top of the 
laboratory desk and the vegetable was loosely packed so that direct light 
could reach each stalk. The spinach was stored in a crate on the floor where 
there was less light and the top layer of spinach kept the lower portions 
protected. 

The losses of carotene from asparagus (nine per cent) and from spin- 
ach (eight per cent) may be considered within experimental error. Fellers 
(1940) stated that there was no evidence to show that short storage periods 
are harmful to vitamin A in foods, but longer storage periods in contact 
with air result in a slow but progressive loss. 

After a week’s storage at 0 to 4.4°C.(32 to 40°F.) the asparagus lost 
57 per cent ascorbic acid, 18 per cent thiamin, 27 per cent riboflavin, and 
14 per cent carotene (Table 1); the spinach lost 35 per cent ascorbic acid, 
15 per cent thiamin, 17 per cent riboflavin, and no appreciable carotene 
(five per cent) (Table 2). 

Tressler, Mack, and Kinz (1936b) reported that upon storage for one 
week at 1 to 3°C.(33.8 to 37.4°F.) spinach of the Prickly Winter variety 
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lost only about eight per cent while spinach of the Hollandia variety lost 
about 20 per cent of its ascorbic acid on the moist basis. 

Effect of Commercial Freezing Procedures: Losses from asparagus 
owing to commercial freezing procedures were 24 per cent ascorbic acid, 
28 per cent thiamin, 42 per cent riboflavin, and 24 per cent carotene ; losses 
from spinach were 63 per cent ascorbic acid, 51 per cent thiamin, 40 per 
cent riboflavin, and 13 per cent carotene. 

Both the asparagus and the spinach showed marked losses of ascorbic 
acid during freezing procedures. Fenton, Tressler, and King (1936) found 
in their studies that freezing alone did not affect the vitamin C content of 
peas. Jenkins, Tressler, and Fitzgerald (1938a) found that the most rapid 
loss of ascorbic acid from peas occurred during the cooling and washing 
operations subsequent to boiling-water blanching, and one-third of the loss 
oceurred during blanching. 

In general, the spinach lost a greater percentage of the water-soluble 
vitamins than did the asparagus. This may be at least partially explained 
by the greater surface area of the spinach and the rather dense surface 
structure of the asparagus. 

The commercially frozen asparagus contained an average of 38.7 mg. 
ascorbic acid per 100 gm. The range was from 35.6 to 40.8 mg. per 100 gm. 

The commercially frozen spinach contained an average of 13.5 mg. 
ascorbic acid per 100 gm. The range was from 12.0 to 14.8 mg. per 100 gm. 

Home-frozen spinach of the Longstanding Bloomsdale variety which 
was harvested in the fall, as reported by Dickerson (1943), had a much 
higher ascorbic acid content (from 37.4 to 46.4 mg. per 100 gm.) than the 
commercially frozen spring spinach used in this study. It lost 14 per cent 
less ascorbic acid during freezing procedures. This difference is probably 
because of both varietal and seasonal differences as well as the shorter 
period of standing and quicker handling possible with the smaller amounts 
of spinach that were home frozen. Tressler, Mack, and King (1936b) found 
that the amount of ascorbic acid in fresh spinach varied from 38 to 62 mg. 
per 100 gm., depending on the variety. They also found that spinach 
grown in muck soil contained 50 per cent less ascorbic acid than did the 
same variety grown on upland soil, and that the autumn spinach contained 
nearly a third more ascorbie acid than did spring spinach. Similarly, 
Feener, Palmer, and Fitzgerald (1937) and Fitzgerald and Fellers (1938) 
noted that the ascorbic acid content of spinach varied with the season of 
growth. 

The low ascorbic acid content might also be attributed to the propor- 
tion of stem to leaf used. Tressler, Mack, and King (1936b) found that 
the stems of spring spinach were nearly devoid of ascorbic acid but that 
the leaves contained from 38 to 80 mg. per 100 grams. 

Effect of Two Methods of Cooking: Cooking the asparagus (Table 3) 
and the spinach (Table 4) in the larger amount of water in an uncovered 
pan resulted in a lower percentage retention of the original ascorbic acid, 
thiamin, and riboflavin in the vegetable than was found after cooking in 
the smaller amount of water in’ a covered pan. This’ occurred whether the 
vegetable was fresh, stored, or frozen. Similarly, Jones and Fenton (1943) 
found in cooking asparagus that reducing the amount of water below that 
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required to cover the vegetable resulted in greater ascorbic acid retention; 
Barnes, Tressler, and Fenton (1943b) reported that increasing the amount 
of water used in cooking peas and corn increased the amount of thiamin 
dissolved in the cooking water and decreased the retention of thiamin in 
the vegetable. 

The concentration of ascorbie acid, thiamin, and riboflavin was lower 
in the larger amount of cooking water. The cooking water from the vege- 
tables cooked in the larger amount of water contained an average of 1.9 mg. 
ascorbic acid, 0.014 mg. thiamin, and 0.010 mg. riboflavin per 100 gm. 
from the asparagus; 4.7 mg. ascorbic acid, 0.022 mg. thiamin, and 0.044 
mg. riboflavin from the spinach. The cooking water from the vegetables 
cooked in the smaller amount of water contained an average of 28.3 mg. 
ascorbic acid, 0.14 mg. thiamin, and 0.14 mg. riboflavin per 100 gm. from 
the asparagus; 15.8 mg. ascorbie acid, 0.068 mg. thiamin, and 0.135 mg. 
riboflavin from the spinach. It is likely that the housewife could more 
easily find use for the smaller amounts of cooking water with their 
higher vitamin concentration than for the larger amounts with their 
lower concentration. 

There was probably no actual destruction of thiamin because of boiling 
of either vegetable (Tables 3 and 4). Barnes, Tressler, and Fenton (1943b) 
reported there was no destruction of thiamin during the cooking of fresh 
frozen peas and corn. Increasing the amounts of water used in cooking 
the peas and corn caused an increase in the amount of thiamin dissolved 
in the cooking water (16 to 36 per cent for the peas and 15 to 37 per cent 
for the corn). The smaller volumes of water used for cooking peas and 
corn were found to be more concentrated sources of thiamin than were 
the larger volumes. 

The destruction of riboflavin was in most cases greater from the vege- 
table cooked in the larger amount of water (Tables 3 and 4). The increased 
riboflavin destruction might have resulted from the effect of light since 
the asparagus cooked in 1,200 gm. and the spinach cooked in 600 gm. of 
water were left uncovered during the cooking period. 

The lower retention of riboflavin in the asparagus cooked in 1,200 gm. 
of water might be due only to greater solution in the cooking water; the 
cooking water, however, was not analyzed. When the spinach was cooked 
in 600 gm. of water there was not only an increase in the percentage of 
riboflavin found in the cooking water but also an increase of eight per 
cent in the destruction of riboflavin in the garden-fresh spinach, 13 per 
cent in that stored 24 hours at 18.8 to 25.5°C.; three per cent in that stored 
for one week at 0 to 4.4°C.; and three per cent in the frozen spinach. All 
of these percentages may be within experimental error. 

Since no record was kept of the light in the laboratory at the time the 
vegetables were cooked, no definite conclusion can be drawn regarding the 
effect of light on riboflavin destruction. Since the cookings in 600 gm. 
and 60 gm. of water were done on the same day, at approximately the same 
time, it is safe to compare them. 

Williams and Cheldelin (1942) reported that the light destruction of 
riboflavin in liquid foods proceeded at a rapid rate. The opacity of many 
foods, however, tends to prevent excessive riboflavin losses during cooking. 
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They pointed out that temperature and pH hasten the light reaction rather 
than directly causing chemical destruction, because when pure riboflavin 
solutions are heated in the dark no destruction occurs. 

It is also possible that some riboflavin may have been destroyed by 
light during chopping and weighing of the cooked vegetable samples. No 
room with subdued light was available. 

The quantity of cooking water did not seem to affect the percentage of 
carotene retained in the vegetables; almost 100 per cent of the carotene 
was retained in the cooked vegetable with the exception of the cooked 
frozen asparagus (Table 3) which retained 62 per cent when cooked in 
1,200 gm. of water and 82 per cent when cooked in 60 gm. of water. 

Effect of Cooking Stored Vegetables: Stored asparagus and spinach 
(24 hours at 18.8 to 25.5°C. and for one week at 0 to 4.4°C.) had an in- 
ereased percentage of destruction of ascorbic acid during both methods of 
cooking over the destruction during the cooking of the fresh vegetable 
(Tables 3 and 4). The one exception was the fresh spinach cooked in the 
larger amount of water. A possible explanation of this general finding 
was that while there was no dehydroascorbie acid found in the cooked 
stored vegetables there was a slight amount (2.2 mg. per 100 gm.) in the 
raw stored spinach (Table 5). It may be possible that the ascorbic acid 
in the stored vegetable was being oxidized to the dehydro form and the 
cooking process completed the breakdown to the form or forms not biologi- 
eally active. 

TABLE 5 


Effect of Storage for One Week at 0 to 4.4°C.(32 to 40°F.) on Reduced and Total 
Ascorbic Acid Content of Raw and Cooked’. Spinach 








Ascorbic acid 





Amount 
Condition of vegetable of Reduced Total 
when sampled cooking 





ki ki 
Vegetable — Vegetable — 





mg./ , mg./ 

100 gm. 
29.8 
19.0 
9.2 
15.6 


1Three hundred grams were cooked for eight minutes. 




















In general the retention of thiamin and riboflavin in the cooked stored 
asparagus and spinach was higher than that in the cooked fresh vegetable 
(Tables 3 and 4). 

Fyler and Manchesian (1938) measured the rate of leaching of mag- 
nesium, calcium, and phosphorus from asparagus and peas during steaming 
and boiling after storage at 1.7°C.(35°F.) for various lengths of time. They 
found that peas and asparagus harvested and stored at 35°F. for more than 
48 hours retained more of their mineral constituents when cooked than did 
those cooked immediately after harvesting. They found that the crude 
fiber content of uncooked peas at the various storage periods increased 
measurably with storage. The crude-fiber content of the asparagus did 
not vary significantly. 
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Effect of Cooking Frozen Vegetables: Frozen spinach during cooking 
procedures retained, in general, a slightly higher percentage of ascorbic 
acid, thiamin, and riboflavin than was retained by the cooked, garden-fresh 
spinach. This was not true of the asparagus. When cooked in the larger 
amount of water the fresh asparagus retained 81 per cent ascorbic acid 
and the frozen asparagus, 63 per cent. When cooked in the smaller amount 
of water, the fresh asparagus retained 88 per cent ascorbic acid and the 
frozen asparagus, 84 per cent. When cooked in the larger amount of water 
the fresh spinach retained 24 per cent ascorbic aeid and the frozen spinach, 
49 per cent. When cooked in the smaller amount of water the fresh spinach 
retained 62 per cent ascorbic acid and the frozen spinach retained 67 per 
cent (Table 4). 


The thiamin retention was three per cent higher and the riboflavin 
retention five per cent higher in the frozen asparagus cooked in the larger 
amount of water; and eight per cent higher and six per cent lower, respec- 
tively, in that cooked in the smaller amount of water than the percentage 
retention of thiamin and riboflavin in the cooked fresh asparagus. Owing 
to the experimental error of the methods for thiamin and riboflavin deter- 
minations the differences may be insignificant. 

The thiamin retention was 11 per cent higher and the riboflavin reten- 
tion 15 per cent higher for the frozen spinach cooked in the larger amount 
of water, and 21 per cent and 19 per cent higher, respectively, in that 
cooked in the smaller amount of water, than the percentage retention of 
thiamin and riboflavin in the cooked fresh spinach. 

Losses of carotene during the cooking of frozen asparagus were 38 per 
cent in the larger amount of water and 18 per cent in the smaller amount 
of water. These losses seem unusual since there was no apparent loss of 
carotene during cooking from the garden-fresh or stored asparagus or from 
the garden-fresh, stored, or frozen spinach. This loss might be due to in- 
complete blanching of the asparagus so that the carotene was destroyed by 
enzyme activity during the initial stages of cooking, or possibly to the 
softening of the tissues of the asparagus by the freezing process so that 
some carotene was dispersed into the cooking water. 

Palatability: The judges found little difference in the color and surface 
appearance of fresh asparagus and fresh spinach when cooked by either 
method. Some noted that the asparagus cooked in the smaller amount of 
water was slightly more brown than was the asparagus cooked in the larger 
amount of water. 

The texture of the vegetables cooked in a larger amount of water was 
scored as slightly softer. Probably the texture of the two lots could have 
been made more similar by adjusting the cooking time. 

Flavors of the vegetables cooked in more water were judged weaker than 
those in less water. Some judges, the majority of whom were accustomed 
to having their vegetables rather well done, gave a slight preference to 
the milder flavored, softer vegetables. The women judges, who were in the 
minority, preferred the vegetables cooked in the smaller amount of water. 

The judges had great difficulty in deciding in favor of one method or 
the other and some could make no choice. 
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The palatability of the frozen vegetables cooked by the two methods 
rated about the same: six judges gave no preference, six preferred those 
cooked in the larger amount of water, and five preferred those cooked in 
the smaller amount of water. None of the judges could observe any dif- 
ference in the color of either the frozen asparagus cooked by the two 
methods or of the frozen spinach cooked by the two methods. 


SUMMARY 


Garden-fresh Mary and Martha Washington asparagus contained on 
the fresh basis 43.2 mg. of ascorbic acid, 0.187 mg. of thiamin, 0.318 mg. 
of riboflavin, and 0.432 mg. of carotene per 100 grams. 

Garden-fresh, spring-harvested, Heavy Pack spinach contained on the 
fresh basis 29.8 mg. of ascorbic acid, 0.087 mg. of thiamin, 0.213 mg. of 
riboflavin, and 4.063 mg. of carotene per 100 grams. 

During storage for 24 hours at 18.8 to 25.5°C., asparagus lost 40, 3, 22, 
and 9 per cent and spinach lost 29, 2, 5, and 8 per cent of the ascorbic 
acid, thiamin, riboflavin, and carotene, respectively. 

During storage for one week at 0 to 4.4°C., asparagus lost 57, 18, 27, 
and 14 per cent and spinach lost 35, 15, 17, and 5 per cent of the ascorbic 
acid, thiamin, riboflavin, and carotene, respectively. 

During freezing procedures, asparagus lost 24, 28, 42, and 24 per cent 
and spinach lost 63, 51, 40, and 13 per cent of the ascorbie acid, thiamin, 
riboflavin, and carotene, respectively. 

During cooking in a large amount of water in an uncovered pan, fresh 
asparagus retained 81, 71, 78, and 97 per cent and fresh spinach retained 
24, 50, 52, and 97 per cent of the ascorbic acid, thiamin, riboflavin, and 
carotene, respectively. During cooking in a small amount of water in a 
covered pan fresh asparagus retained 88, 78, 91, and 100 per cent and 
fresh spinach retained 62, 73, 75, and 100 per cent of the ascorbic acid, 
thiamin, riboflavin, and carotene, respectively. 

Cooking the fresh, stored, and frozen spinach in a relatively large 
amount of water in an open pan resulted in a greater loss of ascorbic acid, 
thiamin, and riboflavin than did cooking them in a small amount of water 
in a covered pan. The trend in the cooking of asparagus was similar but 
not so marked. The quantity of cooking water made no appreciable differ- 
ence in carotene retention. 

Cooking the fresh, stored, and frozen asparagus and spinach in a large 
amount of water resulted in a greater per cent solution of ascorbic acid, 
thiamin, and riboflavin than did cooking in the smaller amount of water, 
but the concentration of these vitamins in the cooking water was lower. 

There was no appreciable destruction of thiamin owing to cooking of 
asparagus and spinach in either the large or the small amount of water. 

Cooking spinach in a small amount of water in a covered pan resulted 
in slightly less riboflavin destruction than did cooking in a large amount 
of water in an open pan. 

There was practically complete retention of carotene in the cooked 
vegetables with the exception of the frozen asparagus. 

During cooking the stored vegetables lost a greater percentage of 
ascorbic acid but a smaller percentage of thiamin and riboflavin than did 
the fresh vegetables. 
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Both the asparagus and the spinach cooked in the larger amounts of 
water were more bland in flavor than were those samples cooked in the 
small amounts. The judges were about equally divided, however, in their 
choice of methods and some could not differentiate between them. 
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Dehydrated and canned products of all types frequently are subjected 
to unfavorable storage owing partly to unavoidable shipping and ware- 
house conditions and partly to the assumption that such foodstuffs are 
entirely stable. The fact that foods of these types can survive long periods 
under adverse conditions without definite spoilage contributes to the erro- 
neous belief that they are nutritionally stable. Unfortunately neither 
dehydrated nor canned foods retain their nutritive value completely 
under all conditions. In some products there are serious losses of vitamins, 
especially thiamin, during storage unless certain precautions are observed. 
The general acceptance of pork products as excellent sources of thiamin 
emphasizes the importance of this problem in dealing with dehydrated 
meats. 

Usually losses of thiamin during storage are negligible at low temper- 
atures, but above ordinary room temperatures losses in either dehydrated 
or canned products often become great. It has’ been reported previously 
that the thiamin content of dehydrated pork decreases rapidly during 
storage at temperatures above 37°C. (98.6°F.)—Rice and Robinson (1944a). 
This is not true of dehydrated pork alone since dehydrated eggs, Klose, 
Jones, and Fevold (1943); canned meats, Rice and Robinson (1944b) ; 
canned green beans, Farrel and Fellers (1942); and condensed milk, 
Knott (1942) also lose thiamin at appreciable rates while stored at tem- 
peratures ranging from 25 to 49°C.(77 to 120.2°F.). 

On the other hand, skim-milk powder, wheat, soya flour, dehydrated 
vegetables, and certain food mixtures appear to be much more stable 
(Table 2). Inasmuch as some foods seem to have their thiamin ‘‘stabi- 
lized’’ to a significant degree, it seemed possible that they might exert a 
‘*protective’’ action upon the thiamin in the less stable foods if mixed 
with the latter. Such an effect seems to be responsible for the greater 
stability of thiamin in cegtain meat-cereal mixtures—Rice, Beuk, and 
Robinson (1943). 

Whether a chemical substance is responsible for the stabilizing action 
or whether the effect is due to a physical influence cannot be ascertained 
from existing information. The studies reported here were conducted with 
the hope that the factors affecting thiamin retention might be defined 
more clearly. 


Presented before the Division of Biological Chemistry, American Chemical Soci- 
ety, at Pittsburgh, September, 1943. 
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EXPERIMENTAL PROCEDURE 

General Procedures: A modification of Hennessy and Cerecedo’s thi- 
ochrome procedure was used for determining thiamin—Hennessy and 
Cerecedo (1943). Measurements of thiochrome intensities were made with 
a Coleman Model 11 Photofluorometer. 

Since it had been suggested that thiochrome procedures do not deter- 
mine all of the thiamin in dehydrated food samples—Lane, Johnson, and 
Williams (1942)—it seemed advisable to check this method against bio- 
logical assays. As is shown later, the two methods agreed within the 
limits of experimental error. 

Each food item used in the stability tests was finely ground and 
thoroughly mixed. Control samples were stored at —29°C.(—20.2°F.) 
for the same period of time as the test samples stored at higher tem- 
peratures. Control and test samples were analyzed simultaneously, thus 
avoiding errors owing to variations in standard, instrument, or technique. 
Retentions in the test samples were expressed as a percentage of the 
thiamin in the control samples, on a solids basis. 


TABLE 1 
Loss of Thiamin in Dehydrated Pork at Various Temperatures 

















Storage Initial Thiamin retained 
temperature value 7 days 4duee oy en 

°d. ug./gm pet. wet. a 
—29 14.5 100 100 100 
3 14.5 100 100 96 
27 i? aaa 89 717 
37 14.5 70 55 43 
49 14.5 15 > 0 























After initial experiments had indicated rates of loss at different 
temperatures (Table 1), test samples were held at 49°C. in a constant 
temperature oven. This very severe treatment was adopted in order to 
obtain high losses in a short period of time. It is far above the usual 
temperatures encountered in handling foods and hence exaggerates the 
actual losses in commercial products. 

Rate of Loss of Thiamin in Dehydrated Pork Stored at Various 
Temperatures: Exploratory experiments showetl that thiamin is readily 
destroyed in dehydrated pork held at 37°C.. Therefore, it seemed desirable 
to determine the rates at which losses would eccur at other temperatures. 
A single, well-mixed lot of dehydrated pork was vacuum-packed in one- 
pound cans and stored at the temperatures and for the intervals indicated 
(Table 1). 

From the results it is obvious that temperatures above 27°C. (80.6°F.) 
promote rapid loss of thiamin and that storage for any reasonable length 
of time under such conditions will result in the destruction of most of this 
vitamin. 

Retention of Thiamin in Various Dehydrated Products: In order to 
provide comparative data, a number of other foods were packaged in 
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cork-stoppered test tubes and stored along with the dehydrated pork 
samples. Since these other foodstuffs are not customarily vacuum-packed, 
it was considered unnecessary to so pack them in this experiment which 
was intended to determine losses under conditions comparable to com- 
mercial practice. 

Although the moisture content of these samples varied somewhat, 
moisture does not seem to be correlated directly with thiamin stability. 
Dehydrated pork and wheat (each containing eight to 10 per cent water) 
showed marked differences in thiamin retention despite similar moisture 
levels. The same is true of dehydrated eggs and skim-milk powder, both 
of which contained four to five per cent moisture. Nevertheless, in” sub- 
sequent experiments all samples were adjusted to six per cent moisture in 
order to eliminate this variable. 


TABLE 2 
Retention of Thiamin in Dried Products Stored 21 Days at 49°C.(120.2°F.) 























Product Thiamin 
pet. 
ii iciiiintideetictincesiesssdntsiceanienarainnitigsenisiicventiaesnenaumerell 100 
Dehydrated meat-coreal mixture *..........cccccccccccccsscsoscessccesssesseccssessscesssceses 94 
i TEL ATA TT OR NT ETE 85 
I i ciccnnncsiccsseenunsicnincicnnidanasinniiianiniinvcunihaietennremibcesenlonte 35 
Dehydrated pork RnR ee ee Re ON NT 10 








1 Cracked wheat, 34.2 per cent; ground barley, 21.7 per cent; soya flour, 27.6 per cent; bone 
meal, 7.2 per cent; dried skim milk, 5.5 per cent; salts, 2.3 per cent; tomato paste, 1.65 per cent; 
sardine oil, 0.25 per cent; and gum guaiac, 0.16 per cent. 


The stabilities of these products differ greatly, as may be noted from 
the data obtained (Table 2). The excellent retention of thiamin in a 
dehydrated meat-cereal mixture—Rice, Beuk, and Robinson (1943)—con- 
taining 67 per cent of meat products is in sharp contrast to the great loss 
in dehydrated pork and illustrates the differences in stability that may 
be encountered in products more or less similar in composition. 

Effectiveness of Various Substances in Stabilizing Thiamin in Dehy- 
drated Pork: Since the dehydrated meat-cereal mixture lost thiamin 
slowly regardless of the fact that it contained approximately 67 per cent 
of meat, it is apparent that the non-meat portion ? must be responsible for 
the stability. To determine if this cereal mixture would have the same 
effect on other meats, especially pork, all of the non-meat ingredients were 
combined with lean, ground pork in the proportions indicated (Table 3). 
In one sample sodium nitrite was omitted. These preparations were then 
cooked and dehydrated to six per cent moisture under identical conditions.® 
Portions of the same ground pork used in preparing the pork-cereal mix- 
ture were dehydrated alone and in combination with various individual 


* Cracked wheat, 34.2 per cent; ground barley, 21.7 per cent; soya flour, 27.6 per 
eent; bone meal, 7.2 per cent; dried skim milk, 5.5 per cent; salts, 2.3 per cent; tomato 
paste, 1.65 per cent; sardine oil, 0.25 per cent; and gum guaiac, 0.16 per cent. For 
convenience, this mixture will be referred to as ‘‘cereal mixture,’’ although it contains 
non-cereal materials. ‘ 

*All products were cooked for 15 minutes at 10 pounds pressure and at 116°C. 
(240.8°F.). 
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non-meat ingredients of the cereal mixture. Samples of the various prep- 
arations were held at 49°C. for seven days for comparison with controls 
stored at —29°C. 

There was significant improvement in thiamin retention when 33 per 
cent of the cereal mixture was dehydrated with the pork. When smaller 
amounts of this mixture or of the individual constituents were used, there 
was much less stabilization. The omission of sodium nitrite from the cereal 
mixture did not reduce its effectiveness. Because of the significance of 
these experiments they were repeated with similar results. 


TABLE 3 


Effect of Different Amounts and Ingredients of Cereal Mixture on Stability 
of Thiamin in Dehydrated Pork? 

























Thiamin retained 
Added amount or ingredient 7 days at 49°C.(120.2°F.) 
Run 1 Run 2 
pet. pet. 
Pacha iinet ocagslancenasnusid en Neevibsahipepiunes animus nadeneumnn see aes 15 10 
PN a saa acme tase soasacniosnneusindeciel 96 75 
III, | UU 5.7, cs csccradsicoeyatsussaveieesveeneeiouisdoenvonscoisasbewtonmmentes 22 34 
ne ass sida scsbaspusenpetivteenienesbecssoad 11 32 
Cereal mixture without NaNOs:, 33%.........c.ccccccccssssssccsscscsccosseesee 100 
I a a a a vai El 37 
NN cad 39 coe 
I a ae a ea a eae 33 20 
Tomato paste, 1%..... ra 37 28 
TORRE BENOE, BF osvviisccsceccoscssiccssecee obs 16 
Soybean flour, 20% + tomato paste, 2%..........cccccssssssssesecesssees = 35 





1All samples contained six per cent moisture. 


From these data it is apparent that the cereal mixture exerted a 
stabilizing effect upon the thiamin in the mixed product. Dehydrated 
pork alone retains 10 to 15 per cent of its original thiamin for seven days 
at 49°C. The same pork plus 33 per cent of the cereal mixture retains 
75 to 97 per cent, six times as much as the pork alone. Numerous other 
comparisons not recorded here substantiate these ratios. 

That the effect noted is not associated specifically with any one of the 
major ingredients is indicated by their failure to stabilize thiamin in pork 
when dehydrated with it in approximately the same proportions as when 
included in the cereal mixture. Thus, meat dehydrated with 11.5 per cent 
wheat failed to show much stabilization. Similarly, no other individual 
ingredient improved retention markedly when present in the same con- 
centration as in the cereal mixture. However, when 33 per cent of wheat, 
barley, soybean flour, or dried skim milk were cooked and dehydrated with 
pork, the stabilization was as pronounced as that resulting from the use 
of a similar quantity of the entire cereal mixture (Table 4). It thus 
appears that a number of materials are capable of stabilizing thiamin 
if ineluded in sufficient quantities. 

The stabilization affects the thiamin in the meat as well as that in the 
cereal, since retention in a meat-cereal mixture is better than the sum of 
the individual retentions. One hundred grams of the pork-wheat mixture 








p- 


ls 
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referred to (Table 4) contained 1.13 mg. of thiamin. Of this, pork con- 
tributed 1.04 mg. while wheat supplied only 0.09 mg. If the wheat and 
pork had been stored separately, retentions at the end of the storage 
period would have been 0.21 mg. (1.04 x 20 per cent) in the pork and 0.08 
mg. (0.09 x 85 per cent) (Table 2) in the wheat, or a total of 0.29 mg. The 
cooked and dehydrated mixture, however, retained 0.99 mg. (1.13 x 85 per 
cent) or more than three times as much as the sum of individual retentions. 
Thus, the wheat obviously influences the rate of thiamin destruction in the 
meat. 


TABLE 4 


Effect of Ingredients of Cereal Mixture on Stability of Thiamin 
in Dehydrated Pork 

















Thiamin retained 
Addition 7 days at pH 

49°CO.(120.2°F.) 

pet. 

TI ciciinsnianinnsisdscinuhhtssnladicncviiiscnadpieieuvsiiasbaseinccuuctomienedevsntieiudl 20 6.30 
I al 89 6.25 
Sot ARETE SOE ae ere nes eS 88 6.15 
i rs vs sahb nccnsispnecccesn so eebdscecusbdenshasvbvndazseienbneeds 88 6.08 
NN ia savas tnceccdsniccosssciccbntehanicttnieteceinsennrmeonl 75 6.38 
Soybean flour, wheat, and milk, 11% eaeh.............:cce0e00+ 88 6.29 
ee I Re oasis icscctccnsivocsnciastsstscciinnineonsnstevessbowsints 88 6.30 
iss cessise cers satnernsarndaenedtnhersviaienieds FS a: 





Since samples showing a wide range of stability had similar pH values 
(Table 4), there is no indication that differences in acidity are responsible 
for the various rates of thiamin loss. 

Various substances known to stabilize other constituents of foods 
were not very effective in stabilizing thiamin in dehydrated pork. In 
addition to the substances listed (Table 5), lecithin and thiourea were 
also ineffective. 


TABLE 5 
Effect of Various Substances in Stabilizing Thiamin in Dehydrated Pork 














Thiamin retained 
Substance added 7 days at 
49°C.(120.2°F.) 
pet. 
II ii saccaasVceplcrandcadsiriiecpagiaaiabeminnidianpiieasagndasobeeiashteenabubiemmaesietibcapaestedesmobisaniial 11 
BE sc da osen taiadal vcsndcsnkapcselleeknasctecetiecaslammanactbansiassulacsubtosbecimasbodesivemoantan 20 
iil 2 i csinsck canlesipiesteaieldestcaasechietcline alccctiainlactsisdobalctedamadii 3 
NSD ERA ORL A TOT OP RCT NTE 15 
fA LEE cs ae eer Se ere ern One ee ePe yen ee EC 27 
a nO ase ectaacrhaeaniiainionbanaiaibel 20 
TE aaa cocclles tila bce aaa muaneesewamenameoeensas aanmaenneaaaienae 28 
SRR eRe te Oo RS Ne eT 23 
Se ae ee ee ae eT eee eee ee nee eee NN IE 2 





Influence of Atmosphere Within Package on Thiamin Stability: That 
atmospheric oxygen is not responsible for the rapid loss of thiamin from 
pork was demonstrated by determining the thiamin content of replicate 
samples after storage at 49°C. for one week in vacuum, air, nitrogen, or 
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carbon dioxide (Table 6). In fact, the retention of thiamin was slightly 
greater in the samples stored in air at 49°C. than under the other condi- 
tions. Even though there may be slightly improved retention of thiamin 
by storage in air, the development of rancidity makes such a procedure 
impractical. 
TABLE 6 
Effect of Storage Conditions on Thiamin Retention 




















Thiamin retained 
Storage condition ¥ Cage ULES Y-) 
Run 1 Run 2 
pet. pet. 
Pe Tis sss ccccccncescovehesnsecscotncevacabtbocecssdiesieeweteelaion 2 0 
POGROE TAMAS GR BEB acess scceicsccsyeossse 15 14 
I Re IE scascossiccsvéresestcsersreissencssersesseosoraenetbeonetoned 2 = 
IRE Si ae eae er oe 11 
een 0 











Influence of Moisture on Thiamin Stability: Although moisture is not 
the sole factor determining the stability of thiamin, as pointed out above, 
under certain conditions it greatly influences the rate of loss. To deter- 
mine the extent of its influence, dehydrated pork was held in a vacuum 
over phosphorus pentoxide until its weight became constant. Samples of 
various moisture levels were then prepared and stored at 49°C. for a 
week. Anhydrous pork retained its thiamin well; but as the moisture 
content increased, the rate of loss also increased until at six per cent it 
had reached a maximum (Table 7). This makes it seem possible that 
moisture is one of the factors involved. On the other hand, canned pork 
with a moisture content of 50 to 55 per cent is much more stable than 
dehydrated pork, losing only 15 to 18 per cent of its thiamin in seven 
days at 49°C., Rice and Robinson (1944b), a striking contrast to the 
85 to 90 per cent loss ordinarily shown in dehydrated pork. It is obvious, 
therefore, that moisture content per se is not the sole factor involved in 
thiamin breakdown, although complete dehydration is one means of less- 
ening thiamin loss. From a commercial standpoint the production of 
anhydrous pork is impractical. 

Biological Analyses: Male Sprague-Dawley rats initially weighing 35 
to 45 grams were fed a thiamin-free diet * until they showed growth failure 
and polyneuritic symptoms (20 to 25 days). The rats were then distrib- 
uted into six groups in accordance with the principles prescribed by the 
U. 8. Pharmacopoeia XII, each group consisting of 10 individually caged 
rats. In addition to the basal thiamin-free diet (fed ad libitum) daily 
supplements as indicated (Table 8) were administered for 28 days. These 
supplements were readily consumed when mixed with small portions of 


‘The thiamin-free diet was prepared by treating 10-pound Quantities of the ‘‘meat- 
cereal mixture’’ (which has been used in this laboratory with excellent success in raising 
rats) with 167 grams of Na:SO; dissolved in a liter of water, acidifying with HCl to 
pH 5.5, and then autoclaving for one hour at 15 pounds pressure. The sulfite-treated 
material was then dried in a cabinet drier with air at 63°C.(145.4°F.). Thioehrome 
analyses indicated the product to be free of thiamin. 
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the basal diet and placed on top of the regular feed. The quantities of 
meat to be fed daily to provide each rat with four micrograms of thiamin 
were calculated from thiochrome assays which indicated the fresh pork to 
contain 9.6 micrograms of thiamin per gram and the dehydrated pork 
No. 184 and No. 1848S to contain 14.5 and 1.0 micrograms per gram, 
respectively. 











TABLE 7 
Influence of Moisture Content on Stability of Thiamin 
. s Thiamin retained 
Moisture 7 days at 49°O.(120.2°F.) 
pet. pet. 
0 91 
2 60 
4 23 
6 9 
9 11 








2 All samples sealed in vacuo. 


Pork No. 1848 was a portion of No. 184 which had been held for two 
weeks at 49°C. Since direct biological analysis of No. 184S would have 
necessitated the feeding of large supplements, it was fed at the same level 
as No. 184 with sufficient pure thiamin added to make the thiamin intake 
four micrograms per day, assuming the thiochrome values to be correct. 
While this procedure cannot be expected to yield an exact analysis of the 
product, it is a sensitive way of detecting ‘‘bound’’ thiamin. 

All groups receiving the calculated four micrograms of thiamin in fresh 
or dehydrated pork grew at a rate equal to the group fed four micrograms 
of pure thiamin (Table 8). Therefore, within experimental error, the two 
methods check. The failure of the group receiving the stored dehydrated 
pork plus pure thiamin to grow more rapidly than the control group 
proves that the low thiamin values found for such samples by thiochrome 
analyses are not more than a few per cent in error. 


DISCUSSION 


Although definite reduction in the loss of thiamin in dehydrated pork 
may be achieved by the use of high levels of cereals or dried skim milk, 
the mechanisms involved are rather obscure. Since thiamin is quite readily 
inactivated by hydrolytic cleavage, it might be assumed that water is 
responsible for its destruction in foods. The experiment showing the influ- 
ence of reducing the water content of dehydrated pork from six per cent 
to 0 supports such a belief, but the great stability of thiamin in other 
foods containing as much as 50 per cent water shows that water content 
per se does not determine the degree of destruction of thiamin. However, 
certain substances, such as the carbohydrates or proteins which are present 
in cereals and dried milk, may have chemical or physical properties which 
enable them to inhibit the action of water on thiamin. The predominance 
of carbohydrate material in the stabilizing substances so far studied indi- 
cates that the factor may be associated in some manner with carbohydrate. 
This is made to seem even more probable since a recent experiment has 
proved cornstarch to be as effective as the cereals in stabilizing thiamin. 
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Work now in progress should determine whether or not such a conclusion 
is justified. 

It seems rather improbable that the loss of thiamin from dehydrated 
pork stored at elevated temperatures is caused by enzymic hydrolysis of 
the nature postulated by Sealock, Livermore, and Evans (1943), since 
pork is cooked prior to dehydration ; and these workers and others—Green, 
Carlson, and Evans (1941) and Woolley (1941)—studying the same phe- 
nomenon, i.e., the inactivation of thiamin by fresh-fish tissues, have 
demonstrated the heat lability of the thiamin-destroying factor in their 
preparations. It is possible, however, that even after cooking, traces of 
the original enzymic activity remain and that this is responsible for the 
effects here reported. In such eases, the excess of carbohydrate or some 
substance occurring with it might inhibit the reaction between thiamin 
and the enzyme. 


TABLE 8 
Biological Analyses of Pork Products 














| Average | ‘Thain 
Group No. Daily supplement 53 Gaye éoindiaana 
from gains 
gm. ug. 
TEE Rennes Oe eee | None a errr 
DckieisessssviacncsvewnScresnccieieneaoel 6 micrograms crystalline 
thiamin 76.6 6.00 
iticrdcecistiacadeticwicccsanscncuten 4 micrograms crystalline 
thiamin 60.5 4.00 
Dussiiestcinctinmcnrcninncnviabia 0.414 gm. fresh pork contain- 
ing 4 micrograms thiamin* 59.5 3.86 
Weaiinscinasccssicenuasesesestiaieeaabieeiena 0.276 gm. dehydrated pork, 
No. 184, containing 4 
micrograms thiamin* 63.9 
4.4] 
WicsbncapiecssssacissavioWececiecvinesiee’ 0.276 gm. dehydrated pork, 
No. 1848S, containing 0.28 
micrograms thiamin’ plus 
3.72 micrograms pure thi- 
amin 61.6 4.13 














1Pive survivors. * Measured by thiochrome method. 


SUMMARY 

It has been shown that dehydrated pork and dehydrated eggs stored 
at or above temperatures of 37°C.(98.6°F.) lose thiamin more rapidly than 
certain other foods, such as dried skim milk or cereals. 

Dehydrated mixtures of 67 per cent pork and 33 per cent cereals 
(wheat, barley, or soya flour) or dehydrated milk lose thiamin much less 
rapidly than dehydrated pork alone. 

The rate of loss of thiamin from dehydrated pork is roughly propor- 
tional to the moisture content of the sample between 0 and six per cent 
moisture levels. Canned pork, with moisture of 50 to 55 per cent, shows 
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less loss than dehydrated pork with only two per cent moisture, so factors 
other than this are involved in thiamin stability. 

Storage of dehydrated pork in vacuum, nitrogen, or carbon dioxide 
rather than in air did not increase thiamin retention. 

In levels as great as or greater than ordinarily used in foods, Avenex, 
Nipa, lecithin, glucose, and sodium chloride were ineffective in reducing 
thiamin loss. 

Products showing greatly different stabilities may have similar pH 
values. 

Products rich in carbohydrate materials are the most effective sta- 
bilizing agents so far studied. 


REFERENCES 


FARRELL, K. T., AND Fevumrs, C. R., 1942. Vitamin content of green snap beans. Food 
Research 7, 171-177. 
GREEN, R. G., CARLSON, W. E., aNp Evans, C. A., 1941. A deficiency disease of foxes 
produced by feeding fish. J. Nutrition 21, 243-256. 
HENNEsSY, D. J., AND CERECEDO, L. R., 1943. The determination of free and phos- 
phorylated thiamine by a modified thiochrome assay. J. Am. Chem. Soc. 61, 
179-183. 
Kuosg, A. A., Jones, G. I., AanpD Frvoutp, H. L., 1943. Vitamin content of spray-dried 
whole egg. Ind. Eng. Chem. 35, 1203-1205. 
Kwort, ELISABETH M., 1943. Thiamine content of milk in relation to vitamin B; require- 
ment of infants. Am. J. Pub. Health 32, 1013-1017. 
LANE, R. L., JOHNSON, ELIZABETH, AND WILLIAMS, R. R., 1942. Studies of the average 
American diet. I. Thiamine content. J. Nutrition 23, 613-624. 
Rice, E. E., Brux, J. F., anp Roprnson, H. E., 1943. The stability of thiamine in dehy- 
drated pork. Science 98, 449. 

, AND Ropinson, H. E., 1944a. Vitamin B-complex studies on dehydrated meats. 
Food Research 9, 92-99. 

, AND , 1944b. Retention of vitamins in canned and dehydrated pork. Am. 
J. Pub. Health 34, 587-592. 

SEALOcK, R. R., Livermore, A. H., AnD Evans, C. A., 1943. Thiamine inactivation by 
the fresh-fish or chastek-paralysis factor. J. Am. Chem. Soe. 65, 935-940. 

Woottey, D. W., 1941. Destruction of thiamine by a substance in certain fish. J. Biol. 
Chem. 141, 997-998. 














VITAMIN A CONTENT OF PALM OILS 


CHARLES F. POE anp HAZEL A. FEHLMANN 


Department of Sanitary Chemistry, University of Colorado, 
Boulder, Colorado 


(Received for publication, March 17, 1944) 


Palm oil is obtained from the fruit of the palm. Since palm oil is a 
potential source of vitamin A, its use in food products may increase. For 
this reason, investigation of the vitamin A content of the oil was started 
in this laboratory in 1932. One of the earlier investigations by the authors, 
Poe and Fehimann (1933a), demonstrated the value of palm oil in oleo- 
margarines as a carrier of vitamin A. 

In order to obtain samples from widely different sources letters were 
written to many of the large importers of oils and to the American consuls 
in several countries. Thirty-two samples of crude oil and seven samples 
of refined oil were obtained. The majority of the samples were from Africa, 
Sumatra, and the Federated Malay States; the sources of the various oils 
are listed (Tables 1 and 2). 

The methods and procedures used in the investigation of the vitamin 
content of palm oil were essentially those recommended by Sherman and 
Munsell (1925) and Sherman and Burtis (1928) and have been used 
with entire satisfaction in previous investigations by Poe and Fehlmann 
(1933b) ; Poe, Gant, and Griffin (1939); and Fehlmann (1940). The de- 
tailed procedures will not be outlined in the present communication. 

The vitamin A content of the various samples of crude and refined 
palm oil are presented (Tables 3 and 4) ; growth curves for the 32 samples 
of crude palm oil are shown (Fig. 1) and for the seven samples of refined 
palm oil, (Fig. 2). A study of the tables and charts shows that many 
samples of crude palm oil contained a large amount of vitamin A; how- 
ever, there was a wide variance in the content of different samples. The 
units of vitamin A varied from 12.3 in sample No. 28 to 419.4 in sample 
No. 14. The average was 132.5 units per gram. ; 

The amount of vitamin in the refined oil was very low in all the samples 
except No. 5, which contained 233.4 units. The rather large amount of 
vitamin in the crude oils compared with the small amount in the refined 
samples suggests that the process of refining the oils may be responsible 
for the loss of the vitamin. 

The authors wish to thank the companies which furnished the samples. 
Also appreciation is expressed to Mr. L. H. Gourley and to Mr. Lester May- 
nard, both of the United States Consular Service, for their kindness in 
locating several sources and obtaining samples of palm oil. 
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Sources of Crude Palm Oils 





























Sample No. Source Donor 
Africa United Africa Co., Inc., New York, N. Y. 
Africa United Africa Co., Inc., New York, N. Y. 
Africa United Africa Co., Ine., New York, N. Y. 
Africa United Africa Co., Inc., New York, N. Y. 
Nigeria Lever Brothers Co., Cambridge, Mass. 
Nigeria Lever Brothers Co., Cambridge, Mass. 
Belawan- Deli, Sumatra | Lever Brothers Co., Cambridge, Mass. 
West Africa Commercial sample 
Sumatra Stein, Hall and Co., New York, N. Y. 
Sumatra Durkee Famous Foods, Inc., Chicago, Il. 
Unknown Commercial sample 
Unknown Commercial sample 
Unknown Proctor and Gamble Co., Ivorydale, Ohio 
Sumatra Best Foods, Inc., New York, N. Y. 
West Africa Best Foods, Inc., New York, N. Y. 














Poeloe Radja, Sumatra 


Rampah, Sumatra 

Batang, Berjuntai, 
Selangor, Federated 
Malay States 

Batang, Berjuntai, 
Selangor, F. M.S. 

Sungei, Buloh, 
Selangor, F. M. 8. 

Batang, Berjuntai, 
Selangor, F. M. 8S. 

Serdang, Selangor, 
F. M.S. 

Klang, Selangor, 
F: M.S. 

West Africa 


West Africa 
West Africa 


Sumatra 

West Africa 

Sumatra 

Rampah, Sumatra 

Pematang Siantar, 
Sumatra 

Africa 





United Serdang Rubber Plantations, 

Goenoeng Malajoe Factory 
Rambong Sialang estate 
Tennamaram estate 


Sungei Tinggi estate 

Elmina estate 

Hopeful estate 

Government Experiment Plantations 
Highlands estate 


Colgate-Palmolive-Peet Co., 
Kansas City, Kan. 

Colgate-Palmolive-Peet Co., 
Kansas City, Kan. 

Colgate-Palmolive-Peet Co., 
Kansas City, Kan. 

Unknown 

Commercial sample 

Commercial sample 

Mata Pao estate 

Marihat Sumatra Plantagen Co. 


United Africa Co., Inec., New York, N. Y. 





TABLE 


9 


Sources of Refined Palm Oils 











Sample No. Source Donor 
Unknown Swift and Company, Chicago, Ill. 
Unknown Commercial sample 
Unknown Durkee Famous Foods, Inc., Chicago, Il. 
Unknown Best Foods, Inc., New York, N. Y. 
Unknown Proctor and Gamble Co.,; Ivorydale, Ohio 
Rampah, Sumatra Mata Pao estate 
Sumatra Best Foods, Inc., New York, N. Y. 





































Loss or gain in grams. 


Loss or gain in grams. 
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TABLE 3 
Units of Vitamin A in Samples of Crude Palm Oil 








Units per 
No. gram 


32.1 
5 





206.: 


194.5 
144.5 
107.6 
122.3 
354.4 ° 
27.0 
80.9 
12.3 
102.2 
85.9 
175.0 
34.2 


132.5 











TABLE 4 
Units of Vitamin A in Samples of Refined Palm Oil 








No. | Saar 
60.0 
0.6 
4.7 
30.0 
233.4 
6 soceceocenencosoocesersoconossoyoonopeseccsocsaoooeseossssoosesee 98.0 
F <ecemneneviecsncnieitontorsesintentinieeneseinensstyecnvesdtipeesenssonneneniettn 11.8 
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DRIED EGG POWDER‘ 
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With ever-larger quantities of dried egg powder being used by the 
armed forces and lend-lease, problems relating to control of the quality 
of the product become very important. The total numbers of bacteria 
in the fresh product are but one standard by which the quality of whole- 
egg powder is measured. As the product is stored the significance of the 
bacterial flora at a particular time is difficult to appraise. Some emphasis 
must first be placed upon the bacterial flora of fresh liquid eggs, and 
the powder made therefrom, before the bacteriology of stored egg powder 
can be interpreted. 

The work of DeBord (1925), Stuart, Hall, and Dicks (1942), Funk 
(1943), and Gibbons and Fulton (1943) indicates that the bacteria pres- 
ent in the fresh, dried egg powder is largely determined by the following 
factors: (1) the number and kind of bacteria in the liquid whole egg, 
(2) the temperature to which the product is subjected while being prec- 
essed and then stored, (3) the activity of lysozyme, (4) whether or not 
the eggs are pasteurized before being broken out, (5) the evenness as well 
as the method of drying, and (6) the amount of moisture in the finished 
product. Obviously, insanitary conditions in the plant and carelessness in 
breaking and handling the eggs would contribute still more organisms to 
the product. However, there appears to be general agreement among 
investigators that the lower the total bacterial count in the liquid eggs 
just prior to drying, the higher will be the quality of the dried egg powder. 
To accomplish this purpose Mallmann and Churchill (1942) have recom- 
mended a procedure for following the eggs through the plant with the help 
of a direct microscopic test so that a desirable bacterial count can be 
obtained in the fresh egg powder. Furthermore, DeBord (1925) has 
shown that when powder is prepared from eggs with a high bacterial 
count in the liquid state, rancidity develops sooner; and bacterial counts 
are higher in the stored product than when eggs of good quality are used. 
It is also recognized that dehydration of whole liquid eggs is largely re- 
sponsible for a sharp reduction in the total bacterial count in the first 
few days of storage. 

Though it would appear that the study of bacteria present in egg 
powder stored for considerable time would bear very little relation to 
the quality of the product before processing, some information of value 


*This work has been done in co-operation with the Departments of Poultry Hus- 
bandry and Agricultural Chemistry of the Purdue Agricultural Experiment Station, and 
the Food Subsistence Research Laboratory of the Quartermaster Corps, U. 8. Army. The 
author wishes to take this opportunity to acknowledge his indebtedness to Dr. B. B. 
Bohren who secured the samples and made several constructive suggestions as the re- 
search work progressed. 
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might be obtained in regard to the resistant types which survive the 
drying. The methods used by the bacteriologist in cultivating the weakly 
viable and/or dormant cells in a desiccated food product might be selected 
more appropriately if more were known about the genera present in this 
product. This investigation emphasized the bacteriology of stored, dried 
eggs, since it seemed that more information was needed regarding the 
influence, if any, of the packaging and the compression of the powder on 
the bacterial flora, the bacteriological methods used to determine the mi- 
erobie population, and the effect of storage temperature and time on the 
genera of bacteria present. 


EXPERIMENTAL PROCEDURE 


Samples: The samples of spray-dried, whole-egg powder were supplied 
by the Quartermaster Corps of the Army. The eggs were processed and 
packaged from the same lot of powder on April 24, 1943. They were placed 
in storage on June 18, 1943. Samples of loose-pack egg powder in a grease- 
proof carton, a greaseproof carton plus a carbon liner, and a tin can were 
placed in rooms held at 0, 10, 20, and 37°C.(32, 50, 68, and 98.6°F.). 
Similar packages and temperatures of storage were employed for the 
compressed egg powder, except that no compressed eggs were stored in 
tin cans. 

Plating Methods for Total Counts: The methods recommended for 
plating in Standard Methods for the Examination of Dairy Products, 
Part II, F, Eighth edition (1941), were followed, except that a. yeast- 
water agar was the second plating medium instead of standard-nutrient 
agar as used for milk analysis. This medium had the same composition as 
the tryptone-glucose agar, except that a one per cent concentration of 
fresh yeast infusion was added—Fred and Waksman (1928). The total 
bacterial count for the powder in each of the several types of packages 
was determined immediately before placing them in storage, even though 
all samples were obtained from the same lot of spray-dried, whole-egg 
powder. All platings were made in duplicate and the counts of these 
plates were averaged and expressed as the number of bacteria per gram 
of powder. The plates were incubated at 20, 32, and 37°C., as recom- 
mended ; however, only the last two incubation temperatures were retained 
in subsequent experimentation. As reported by Thistle, Pearce, and Gib- 
bons (1943), plates incubated at 37°C. were found to give results similar 
to those incubated at 20°C. for seven days. Total counts were made on 
the ‘‘initial’’ samples, at one- and two-month intervals on some samples 
and at the three-month interval on all samples. No coliforms, hemophiles, 
anaerobes, or fungi were obtained from the samples when first received, 
so plates were not made for the determination of these groups thereafter. 


Isolations: The isolation of bacteria from the stored samples for 
identification purposes were made from the colonies on yeast-water agar 
incubated at 32°C. The yeast-water agar slant cultures were incubated 
at 32°C. until good growth appeared and then transfers were made to 
appropriate differential media. The importance of using the yeast water 
in the tryptone-glucose agar was not fully appreciated until the results 
were analyzed. As the results will indicate, it was fortuitous that this 
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technique was employed from the beginning of the experiment. Bergey’s 
‘Manual of Determinative Bacteriology’’ (1939) was used in the final 
identification of the isolations. 

RESULTS 


Bacterial Counts: The total bacterial counts for the various types of 
packaging with the two kinds of powder are summarized (Table 1); the 


TABLE 1 
Total Bacterial Count 






































After 3 months’ storage 
Initial 
Sample Package and bacterial 1 2 3 4 
numbering count S.M.2 S.M., Y.W.,2 Y.W.., 
82° CG. 87°C, 82°C. 87°C. 

Greaseproof 1a’ 500 350 0 900 0 

Carbon liner 2a 1,500 480 0 560 0 

A. Greaseproof 1b 500 300 0 550 0 
Compressed Carbon liner 2b 1,500 450 0 1,000 0 
egg powder Greaseproof le 500 TFC 0 TFC 0 
Carbon liner 2¢ 1,500 195 0 750 0 

Greaseproof 1d 500 TFC 0 TFC 0 

Carbon liner 24 1,500 TFC 0 TFC 0 

Tin can 3a 1,050 770 0 1,050 0 

Greaseproof 4a 2,150 850 0 1,300 0 

Carbon liner 5a 1,100 550 0 1,000 0 

Tin can 3b 1,050 550 0 1,500 0 

B. Greaseproof 4b 2,150 1,150 0 2,000 0 
Loose-pack Carbon liner 5b 1,100 650 0 1,000 0 
egg powder Tin ean 3e 1,050 350 0 270 0 
Greaseproof 4c 2,150 200 0 210 0 

Carbon liner 5c 1,100 350 0 900 0 

Tin can 3d 1,050 TFC 0 TFC 0 

Greaseproof 4d 2,150 TFC 0 TFC 0 

Carbon liner 5d 1,100 TFC 0 TFC 0 

1S.M. = standard-methods medium; Y.W. = yeast-water agar. ?Small letters indicate stor- 


age temperature of the powder: a = 0° C.; b= 10°C.; c= 20°C.; d= 387°C. *A TFC count was 
recorded when a 1-10 dilution of the sample gave fewer than 10 colonies per plate. 


different counts obtained with the two kinds of plating media and the 
different temperatures of incubation of these plates are also indicated. It 
will be noted that the initial bacterial count of the powder was compara- 
tively low. Two factors may have been responsible for this finding: (1) 
the Federal specifications of fresh, dried, whole-egg powder required that 
total bacterial counts must be below 150,000 per gram, and (2) the powder 
had been made and stored for 55 days before the platings. The possible 
effect of this period of time with relation to the holding of the product 
and the bacterial count has been indicated above. 

By comparing Columns 2 and 4 it is evident that after three months 
of storage both the compressed and loose-pack egg powder were sterile, 
as determined by the incubation of plates on standard-methods medium 
(glucose-tryptone agar) and the glucose tryptone-yeast water agar at 
37°C. Higher bacterial counts were obtained with the yeast-water medium 
than with the standard-methods medium when the plates were incubated 
at 32°C. (Columns 1 and 3). This observation is in agreement with Gib- 
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bons and Fulton (1943), who obtained significantly different total counts 
when plates were incubated at 32°C. This finding indicates that many 
weakly viable bacterial cells were present and that the yeast-water me- 
dium provided the necessary nutrients for colonies to develop. It also 
indicates the desirability of using a medium recognized as being rieh in 
essential nutrients before a sample of stored egg powder is considered to 
be sterile. . 

Essentially, the same relationships between total counts, media, and 
temperature of incubation of the plates were observed when platings were 
made at one and two months after storage of the samples. 

Data on the possible influence of packaging and storage temperature 
on the total bacterial counts (Table 2) show that as the temperature of 


TABLE 2 
Total Bacterial Counts Correlated With Packaging and Storage Temperatures 








Compressed egg powder Loose-pack egg powder 





Conditions of storage 


Greaseproof 
carton ? 


Carton with 
liner * 


Tin can 


Greaseproof 
carton 


Carton with 
liner 





(Initial count) 
0°C.(32°F.) for 3 mo 
10°C.(50°F.) for 3 mo 
20°C.(68°F.) for 3 mo 
37°C.(98.6°F.) for 3 mo 


500? 

900 

550 
TFC 
TFC 





1,500 
560 
1,000 
750 
TFC 





1,050 
1,050 
1,500 

270 
TFO 


2,150 
1,300 
2,000 

210 
TFC 








1,100 
1,000 
1,000 

900 
TFC 








1Greaseproof and carbon liner packages as employed by the Q.M.O. of the Army. #7 Numbers 
represent the bacterial count per gram of sample as determined on standard-methods medium; 
incubation of the plates at 32°C.(89.6°F.) for three days. *A TFO count was recorded when a 
1-10 dilution of the sample gave fewer than 10 colonies per plate. 


storage is increased the total bacterial count decreases. After three months 
of storage at 37°C. the reduction in total numbers is very sharp; however, 
the differences are not as great when samples are kept at 10 and 20°C. 
Storage of the powder at 0°C. resulted in very little difference in bacterial 
count. Gibbons and Fulton (1943) studied the influence of cooling tem- 
perature of the powder on bacterial flora and stated: ‘‘It is therefore 
evident that if the powder were cooled rapidly enough to preserve quality 
the majority of the organisms surviving the drying process would also 
be preserved.’’ Similarly, these results indicate that if the product is 
stored at a very low temperature many more bacteria survive than if it 
is held at a higher temperature. Essentially the same relationship was 
detected when platings were made with yeast-water agar. 

Apparently the compression of the egg powder reduced the total 
counts; however, the change was not very great. The type of packaging 
also had little effect upon the counts obtained; as the temperature of 
storage increased, there was a loss in total bacteria irrespective of the 
package type. 

Isolations: A total of 86 isolations was made from the yeast-water agar 
plates. It is doubtful that if standard-methods medium had been used 
as a source of isolations a representative flora of the bacteria present in 
stored, dried eggs would have been obtained. The data may have been 
influenced also by the sampling factor. Obviously, when low bacterial 
counts are obtained in the stored product, such as those recorded previ- 
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ously, there is always a question of whether more generic groups would 
have been represented in the isolations had a larger sample been used 
than the 11 grams indicated in Standard Methods. Eighteeen primary 
isolations, in addition to the 84 referred to previously, were made from 
the yeast-water medium, but they could not be subcultured despite all 
efforts to make them grow. This experience suggests that factors other 
than a medium rich in vitamins need to be studied before more of the 
weakly viable cells in stored egg powder can be propagated successfully. 


TABLE 3 
Occurrence of Bacterial Genera in Stored, Dried Egg Powder 








Initial genera Storage period 


Sample in the powder 





3 months 


B. subtilis (d) 


1 month 


B. subtilis (d)* 


2 months 


B. subtilis (d) 





B. subtilis 


A. 
Compressed 
egg powder 


M. saccatus 

M. freundreichii 
M. flavescens 
M. cinnebarius 
Bact. linens 


Flavo. aurantiacum 
(d) 

B. ubicuitarius (d) 

Bacillus sp. 

B. tumescens (da) 


B. mesentericus (d) 
B. simplex (d) 


Bact. linens (a) 

M. candidus (b) 

Sar. ventriculi (b) 

Bact. globiforme 
(ce) 


B. mesentericus (d) 
Bact. parvulum (d) 





B. subtilis (a,b,e,d) 
B. mesentericus (b) 
Bact. linens (a,b,c) 
Bact. globiforme 


Actinomyces sp. (d) 
B. subtilis (da) 

B. ubicuitarius (d) 
Bact. parvulum (d) 
Ach. litoralie (da) 


Flavo. radiatum 
Flavo. fulvum 
Flavo. devorans 
M. freundreichii 
M. luteus (a,c) 
Actinomyces sp. Flavo. aurantiacum 
M. cinnebarius (a) 

B. subtilis Flavo. rhenii (b) 
B. mesentericus M. candidus (b,c) 
M. saccatus (b) 
Sar. lutea (ec) 


powder: a=0°C.; b= 10°C.; c= 20°C.; 


Actinomyces sp.(d) 

B. subtilis (d) 

Flavo. acetylicum 
(d) 

B. 

Loose-pack 

egg powder 

















1 Small letters indicate storage temperature of the 
ad = 87°C. 


The taxonomic designations of the bacteria present in the stored, dried 
egg powder (Table 3) show 30 different species of bacteria distributed 
among seven genera, as follows: Bacillus—7 ; Micrococcus—8 ; Flavobacte- 
rium—7 ; Bacterium—3 ; Sarcina—2; Achromobacter—1; Actinomyces—1 ; 
Leuconostoc—1. 


It is very apparent that organisms of the Bacillus genus withstood the 
storage conditions better than organisms of any other genus. This result 
was expected because of the resistance of spores of the bacteria and the 
reports of DeBord (1925) and Stuart, Hall, and Dicks (1942). DeBord 
suggested that since the total count of the product made from good eggs 
remained practically stationary for 10 months, the counts obtained were an 
enumeration of the viable spores. He did not classify the species of spore- 

‘formers in the stored-egg samples, indicating that ‘‘most of them could not 
be identified absolutely.’’ Some atypical reactions were obtained with cer- 
tain strains isolated in this study when grown in litmus milk; however, 
other strongly positive morphological and physiological characteristics per- 
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mitted the allocation of the species. By reading from left to right (Table 
3) it will be noted that the bacilli were isolated from both the compressed 
and the loose-pack egg powder at every interval when platings were made. 
It will be recalled from the total plate counts recorded earlier in this 
paper that the plates made with standard-methods medium, using inocula 
from the samples stored at 37°C. for three months, were sterile. However, 
the bacilli present in the samples were isolated from yeast-water medium, 
which suggests that even the organisms of this genus were reduced in 
viability by the experimental conditions but not to the point of failure to 
propagate themselves when suitable nutrients were present in the plating 
medium. 

The micrococci and flavobacteria did not withstand the storage condi- 
tions very long; however, a few species were isolated after three months’ 
storage at temperatures lower than 37°C. (Note the frequency of a, b, and 
e designations after the species in the right-hand column.) Why so many 
more species were detected in the samples plated after three months of 
storage than were found in the initial platings may be correlated with the 
adequacy of sampling. 

Since Escherichia, Aerobacter, Proteus, Alkaligenes, and Pseudomonas 
were not found in the platings made 55 days after the packaging of the 
samples, it seems probable that the genera of bacteria frequently found 
associated with fresh eggs—Haines (1939) and Funk (1943)—do not sur- 
vive very long in this product. This observation is in agreement with 
DeBord (1925) and Stuart, Hall, and Dicks (1942). 

Most of the successful isolations obtained from the powder stored 
for three months were made from the samples kept at 0, 10, and 20°C. 
This observation indicates that as the quality of egg powder is preserved 
at lower storage temperatures the viability of the bacteria is likewise 
maintained. 

No correlation could be made regarding the packaging of the powder 
and the isolations. 

SUMMARY 


The bacterial flora of spray-dried egg powder is influenced profoundly 
when stored at high temperatures. The total number of organisms per 
gram of sample is reduced as the storage temperature is increased; con- 
versely, when the temperature is lowered higher counts are obtained and 
a more diversified bacterial flora can be detected. Organisms of the genus 
Bacillus predominate in spray-dried egg powder when kept for three 
months, irrespective of the temperature of storage. 

For the isolation and determination of total counts of stored, dried 
egg powder, yeast-water (one part) added to glucose-tryptone agar (nine 
parts), recommended in Standard Methods for the Examination of Dairy 
Products, is a suitable medium. The data supports the findings of Gibbons 
and Fulton (1943) that higher counts are obtained when the plating media 
are incubated at 32°C. than at 37°C. 

Storage of spray-dried, whole-egg powder in tin cans, greaseproof car- 
tons, or greaseproof cartons plus carbon liners does not affect the total 
bacterial counts or the bacterial flora appreciably. Compression of the 
egg powder may reduce the total count slightly but appears to have little 
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effect upon the survival of the different species of bacteria in the sample. 

In the present study eight different genera were detected in the bac- 
terial population of stored, spray-dried, whole-egg powder. The detection 
of their presence was possible only when a medium rich in nutritive 
substances was employed. Other primary isolations were made but the 
conditions necessary for the continued propagation of these weakly viable 
strains requires further study. Obviously, statements relative to the steril- 
ity of stored, dried egg powder must be made with caution and with due 
regard for the methods of detecting the weakly viable genera which may 
be present in the product. 

CONCLUSIONS 


The data indicate that as the storage temperature of spray-dried, 
whole-egg powder is increased, the total bacterial count is decreased with 
time. 

Yeast-water (one part) added to the glucose-tryptone agar (nine 
parts), recommended in Standard Methods for the Examination of Dairy 
Products, is a desirable medium for determining the total bacterial counts 
of stored, spray-dried, whole-egg powder. 

The bacteria found most frequently in stored egg powder belong to the 
genus Bacillus. Their presence, however, may not be detected unless suit- 
able plating media are employed. 

An incubation temperature of 32°C. gives much higher total bacterial 
counts and more successful isolations from stored, spray-dried, whole-egg 
powder than 37°C. 

Compression of spray-dried, whole-egg powder may reduce the total 
bacterial count slightly but has no noticeable influence on the genera 
surviving in the stored samples. 

The types of packages employed in this study did not influence the 
bacterial flora of the stored samples. 
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Color changes in butter owing to copper... 

Colostrum, sheep, vitamin A in 

Comparative study of steam and hot water blanching.. 
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Lowe, Belle; see Paul, Lowe, and MeClurg 
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McClurg, Buford R.; see Paul, Lowe, and McClurg 
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Preliminary studies on stabilization of thiamin in dehydrated foods 

Preservation of eggs by flash heat treatment 

Preservatives, effect of diastase method on starch. 

Processed Swiss chard, riboflavin content....... : 

Processing, effect on Swiss chard 

Prunes, hemoglobin regenerating properties 

Prunes, vitamin content.. 

Quinones, Victor L., Guerrant, N. B., and Dutcher, R. Adams. Vitamin content of 
some tropical fruits, their juices and nectars 

Radio frequency conductivity as measure of stored eggs 

Rapid test for detection of spoilage in sea fish 

Ratio of soluble sugars, pectic materials, and hemicelluloses to nitrogen-free extract 
of some common vegetables....... scald uceicesibansacuahaiseneaiaieesniaiesedtbebdleastainnsniibocesiaincanasibee . 

Riboflavin content of asparagus 

Riboflavin content of fresh and processed Swiss chard. 

Riboflavin content of spinach 

Refined sugars, bacteriological study 

Refrigerated vegetables, ascorbic acid in 

Response of laboratory animals to cellulose glycolic acid and its sodium and alumi- 
num salts 

Response of rats maintained on diets fumigated with methyl bromide 

Retardation of fat autoxidation in dried milks 














INDEX 







Riboflavin and thiamin contents of pork loin muscles and their retention during 







NN ce ec couiisp nie ernpnsdl esses aie innate och tleechlnivivantbecshacibde aia 400 
NI pry eee Ue ee EE nee Re ee 406 
Riboflavin content of immature Massachusetts lettuce..............ccccccccccesecceseeseees ws 


















































Riboflavin content of milk ONG MAK PPODUCES..02..0.c.ccscevecccerescoreroseseooseecsorecneseves «ss 818 
Riboflavin, niacin, and pantothenic acid contents of grain sorghums 89 
Riboflavin requirements of certain lactic acid bacteria................ccccccccesseeescesseseecesseesseeees 197 
Rice, E. F., Beuk, J. F., Kauffman, F. L., Schultz, H. W., and Robinson, H. E. 
Preliminary studies on stabilization of thiamin in dehydrated foods.................... 491 
Rice, E. E., and Robinson, H. E. Vitamin B-complex studies on dehydrated meats.... 92 
Robinson, H. E.; see Rice, Beuk, Kauffman, Schultz, and Robinson 
Robinson, H. E.; see Rice and Robinson 
Romanoff, Alexis L., and Hall, G. O. Influence of temperature on changes in sterage 
eggs as measured by radio-frequency COnductivity................ccccccessesecceeseseeeeeeeeeeeeeees 218 
Romanoff, Alexis L., and Romanoff, Anastasia J. A study of preservation of eggs 
EY SN. OT A 
Romanoff, Anastasia J.; see Romanoff and Romanoff 
Ross, Edward. Effect of time and temperature of storage on vitamin C retention in 
REY Raed te UR ECT Fa Ree NO! Be BT TD, SRE TE CTE OO eae oe EO a 27 
Rowe, V. K., Spencer, H. C., Adams, E. M., and Irish, D. D. Response of laboratory 
animals to cellulose glycolic acid and its sodium and aluminum salts.................... 175 
Rowe, V. K., see Spencer, Rowe, Adams, and Irish 
nny CII tt II, SII, 7... ss osnenicaptncnos oueeenncbnenenalon vespanthesgendentobeveieapaibee 1 
Salt migration in Cheddar cheese curd and its effect on moisture content, pH, and 
IIIT ser rh nil oecaccebescastcgmiegpeininilbaneimesigsmindeacouniniinimmnmesiaasermlennebieniiiG 278 
Sampling methods, turnip greens, mineral content... 56 
nn GOIN, INE, SUTIN... .ascscccssssesnsnesesenebenssbebosebunsopeseepsssoncenbedausanonsesonene 34 
Satterfield, G. Howard, Clegg, R. E., and Holmes, Arthur D. Vitamin A content of 
a I a ilatas daetncpncocceancntcenciessrtirehinpabascreunssaembenzetnssdinecessinrscssessnonin’ 206 
Schlaphoff, Doretta M.; see Porter, Schlaphoff, Wharton, Briant, and Beltz 
Schuette, H. A., and Baldwin, C. L., Jr. Amino acids and related compounds in 
III 1, -iis senen sdinieen ee deavenbuaiouiiedauinsedeseeeiaeniogannaaiatemaananaintanEedabereireeN 244 
Schultz, H. W.; see Rice, Beuk, Kauffman, Schultz, and Robinson 
Seott, G. C., and Belkengren, R. O. Importance of breeding peas and corn for nutri- 
Ne ti atcac sand catahssasciesehavnrtsnisaiisabuaiicenycénbeisnaaieniieionnamesinniadieontminebaninibinaestiaedetinn 371 
SN i Bs oii cs ceavsevievnnnnipbannsocebaineniahnieanibacieebrepeiinubesaatiiamniioia’ 319 
Segalove, Milton, and Dack, G. M. Growth of a strain of Salmonella enteritidis ex- 
DOPIRSMERTEY TOCUIRTER BGO COMMER TOOES..n....0..000.ccccerccsesccssvcveccesossensevenscessonsccessscosooes 1 
Segalove, Milton; see Surgalla, Segalove, and Dack 
Shaw, A. O.; see Brady, Peterson, and Shaw 
206 





Re GI, WII BI Bic cisco caceccncsninntensoniearrnseicienevenstoncsonnsbeonnapeabecnereenesesnetbenceevepissupbinenn> 
Sheuring, John; see Tracy, Sheuring, and Hoskisson 

Sibbitt, L. D.; see Harris, Sibbitt, and Toman 

Sieglinger, J. B.; see Knox, Heller, and Sieglinger 

Sigurdsson, G. J.; see Dyer, Sigurdsson, and Wood 

Simpson, Jean I.; see Van Duyne, Chase, and Simpson 

Smith, H. R., and Smith, Katherine R. Effect of freezing on utilization of canned 
Smith, Katherine R.; see Smith and Smith 
Smith, Winslow Whitney; see Wolk and Smith 

nn eee RI I III dies dns lncpnabndisineesdetenpeiniganeretoneeiapenppbenenseveeinann 
Sodium chloroorthophenylphenate, tomato juice Preservative...........ccccceccseseeerseereeseerenses 367 
Sognefest, P., and Benjamin, H. A. Heating lag in thermal death-time cans and 
Cr IE tk - WII. scsi ruseacamnnientciansbiiniencseap eiiplesinunenapaninninigotennethinsolonmibbnte 
Some antioxidant properties of d-iso ascorbic acid and its sodium salt.................0000 188 
Some factors affecting the behavior of Cheddar cheese in cooking 
SEIN: :UNEEIIEL WHREINIIIIIII “TIL 4.06. csc cdtinnisapsionisensnsiiontuahipaaboonetdiniensnsdackounedessoneidsianuibetesevbouinniownaes 




























520 INDEX 


Spencer, H. C., Rowe, V. K., Adams, E. M., and Irish, D. D. Response of rats 
maintained on diets fumigated with methyl bromide 

Spencer, H. C.; see Rowe, Spencer, Adams, and Irish 

Spices, thermophilic bacteria in 

Spinach, vitamins in 

Spoilage of fish, quantitative determination 

Spoilage of sea fish, rapid test as 

Spring wheats, gel strength of starch i 

Staphylococcus, presumptive examination of foods for... 

Starch, determination by diastase method 

Starch, gel strength in spring wheats 

Starch, thermophilic bacteria in 

Steam blanching of vegetables 

Storage, effect of on vitamin contents of prunes 

Storage of beef, changes in 

Storage of mackerel, effect of conditions on 

Stored vegetables, ascorbic acid content 

Studies on the bacteriology of stored dried egg powder 

Study of the bacterial flora of mackerel 

Study of the germicidal power of sodium chloroorthophenylphenate compared with 
calcium hypochlorite in the presence of tomato juice 367 

Study of preservation of eggs by flash heat treatment 

Sugar, bacteriological studies 115 

Sugar, thermophilic bacteria in 413 

Suggestion for the rapid presumptive examination of foods suspected of having 
caused staphylococcal food poisoning 

Surgalla, Michael, Segalove, Milton, and Dack, G. M. Growth of a food-poisoning 
strain of alpha-type Streptococcus experimentally inoculated into canned foods 

Survey, bacteriological, sardine canning 

Sutherland, J.; see Lassen, Bacon, and Sutherland 

Sweet potatoes, ascorbie acid value 

Swiss chard, ascorbie acid content 

Swiss chard, chlorophyl and carotene in 

Swiss chard, riboflavin content 

Thermal death time, cans and tubes, heating lag 

Thermophilic bacteria in foods and in various ingredients entering into the manu- 
facture of foods 

Thiamin content of asparagus 

Thiamin content of biscuits 

Thiamin content of pork loin 

Thiamin content of spinach 

Thiamin stabilization in dried foods 

Toman, Harriett; see Harris, Sibbitt, and Toman 

I I sic acacccpeciscadadaseteapeeipusnvuniessesetenetoatioibersaniiepesscicsentngemsaveibabvbieencets 

Tomatoes, ascorbie acid content 

Tracy, P. H., Sheuring, John, and Hoskisson, W. A. Effect of various temperatures 
of storage upon chemical and physical properties of powdered egg yolk as 
related to its use in ice cream 126 

Tressler, Donald K.; see Gleim, Tressler, and Fenton 

Tropical fruits, vitamin content 415 

Turnip greens, eating quality aw oe 

Turnip greens, mineral content 56 

Van Duyne, Frances O., Chase, Jean T., and Simpson, Jean I. Effect of various 
home practices on ascorbic acid content of cabbage 

Varietal differences in gel strength of starch in North Dakota hard red spring 


























Vegetables, cellular changes from blanching 
Vegetables, refrigerated, ascorbic acid in 
Vegetables, soluble sugars, pectic materials, ete. in 
Vegetables, stored, ascorbic acid content 





INDEX 


i ee I I aeastaiina casi toreninccccdiissesdebnicsncneneni cgcalnctenbietntaiedeiniadions 

Vitamin A content of sheep’s colostrum and milk 

Vitamin B-complex studies on dehydrated meats 

Vitamin C retention in canned citrus juices 

Vitamin content of pork loin 

Vitamin content of prunes as affected by storage and other factors 

Vitamin content of some tropical fruits, their juices, and nectars 

Wade, B. L.; see Heinze, Kanapaux, Wade, Grimball, and Foster 

Waldo, George F.; see Hansen and Waldo 

Watts, Betty M.; see Carl, Watts, and Morgan 

Webster, George L.; see Kaski, Webster, and Kirch 

Wharton, Marion A.; see Porter, Schlaphoff, Wharton, Briant, and Beltz 

Wharton, Marion A.; see Porter, Wharton, and Beltz 

Whey, dried, riboflavin content 

Whitacre, Jessie, Fraps, G. S., Yarnell, 8. H., and Osberg, Aaron G. Eating quality 
and some aspects of composition of turnip greens at successive stages of growth 

Whitacre, Jessie, Yarnell, S. H., Oberg, Aaron G., MeCrery, Jonnie, and MeWhirter, 
Laverne. Calcium, phosphorus, and iron contents of turnip greens as influ- 
enced by method of sampling 

Williams, O. B.; see Highlands and Williams 

Williams, Virginia R., and Fieger, E. A. Influence of ingredients on thiamin con- 
tent of biscuits 

Williamson, Martin B. Retardation of fat autoxidation in dried milks 

Wine, determination of esters in 

Wolk, Jack, and Smith, Winslow Whitney. Bacteriological studies of refined sugars 
on the retail market 

Wood, A. J.; see Dyer, Sigurdsson, and Wood 

Yarnell, S. H.; see Whitacre, Fraps, Yarnell, and Oberg 

Yarne!l, S. H.; see Whitacre, Yarnell, Oberg, MeCrery, and McWhirter 


Yourga, F. J., Esselen, W. B., Jr., and Fellers, C. R. Some antioxidant properties of 
d-iso ascorbic acid and its sodium salt 

Zepplin, Marie, and Elvehjem, C. A. Effect of refrigeration on-retention of ascorbic 
acid in vegetables 





56 


328 
298 
392 


115 





